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 /Qb 2+QbbBbi2K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b i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BM/
``  miBHBxÏ½Q /2 /BMKB+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H/2Bb /2 BMp2`MQ U#`M/b 2 BMp2`M2B`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b 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/Q +QK Q
}K /2 bmT2`` Qb }Hi`Qb 2+QHƦ;B+Qb T`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bbBbiB/Q
TQ/2`B `2bim`` Qb `2;BK2b /2 T2`im`#ÏǤ2b Mim`Bb [m2 iBM?K bB/Q bm#biBimő/Qb
TQ` +iBpB//2b ?mKMb [m2 7Q`K 2Mi`2iMiQ #M/QM/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ÏǤ2b /2 ?2`#őpQ`Qb b2Hp;2Mb- /2 7Q`K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K2MiQ p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p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 mK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Ï½Q /Q +HBK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 2tKBM Q `2rBH/BM; M BMi2`7+2 2Mi`2 
+BāM+B 2  TQHőiB+ M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M/ TQp2`iv 2{+B2MiHv U6Bb+?2` 2i HX - kyR9c hb+?`MiF2 2i HX - kyRkV- rBi?Qmi
bm#biMiBHHv BM+`2bBM; i?2 ;HQ#H +mHiBpi2/ `2bX
b  `2bmHi- MQi QMHv /B/ i?2 ;`B+mHim`H `2 MQi BM+`2b2 HBM2`Hv rBi? i?2 ?mKM
TQTmHiBQM- #mi Bi HbQ /2+`2b2/ BM bQK2 `2;BQMb Q7 i?2 rQ`H/ U1HHBb 2i HX - kyRjc
_KMFmiiv 2i HX - kyykc J- kyy8VX h?Bb +M #2 BHHmbi`i2/ #v i?2 7+i i?i-
i?Qm;? /m`BM; i?2 kyi? +2Mim`v- ;HQ#HHv eyy KBHHBQM ? Q7 HM/ r2`2 +QMp2`i2/ iQ
;`B+mHim`2- kkk KBHHBQM ? Q7 HM/ T`2pBQmbHv +mHiBpi2/ r2`2 #M/QM2/ /m`BM;
i?2 bK2 T2`BQ/ Q7 iBK2 U_KMFmiiv 2i HX - kyykVX AM T`iB+mH`- r2 2biBKi2/
i?i #Qmi R8W Q7 i?2 1m`QT2M ;`B+mHim`H `2 /2+`2b2/ #2ir22M RNdy M/ kyRy
U#b2/ QM /i 7`QK S"G- kyRk- BM S2`2B` 2i HX - bm#KVX
h?2 /`Bp2`b Q7 #M/QMK2Mi M/ i?2B` `2HiBp2 2z2+i /2T2M/ QM i?2 bQ+BH M/ ?Bb@
iQ`B+H +QMi2ti Q7 2+? `2- M/ +M +i i i?2 BMi2`MiBQMH- MiBQMH M/fQ` HQ+H
b+H2 U"2BHBM 2i HX - kyR9VX hvTB+HHv- BM 1m`QT2- i?2 HM/ #2BM; #M/QM2/ Bb H2bb
T`Q/m+iBp2 M/ mM/2` T?vbB+H +QMbi`BMib- r?B+? KF2b Bi /B{+mHi iQ K2+?MBx2
;`B+mHim`2 UJ+.QMH/ 2i HX - kyyyc _2v "2Mvb 2i HX - kyydc ai`BDF2`- kyy8VX
q?2M +QK#BM2/ rBi? Tbi bi`i2;B2b Q7 i?2 1l *QKKQM ;`B+mHim`H SQHB+v- r?B+?
T`QKQi2/ BMi2MbB}+iBQM Uai`BDF2`- kyy8V- M/ T`2bbm`2b 7`QK ;HQ#H K`F2ib U"2BHBM
2i HX - kyR9V- `2KQi2 M/ H2bb T`Q/m+iBp2 bQBHb #2+K2 H2bb M/ H2bb +QKT2iBiBp2-
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6B;m`2 RXkX, _MFBM; Q7 i?2 /Bz2`2Mi KQiBp2b #2?BM/ i?2 #M/QMK2Mi M/fQ` +QM@
iBMmiBQM Q7 7`KBM; +iBpBiB2b BM i?2 *bi`Q G#Q`2B`Q S`Bb?- 7`QK H2bi BKTQ`@
iMi UBMM2`V iQ KQbi BKTQ`iMi UQmi2`VX h?2 };m`2 Bb #b2/ QM /i ;i?2`2/
/m`BM; BMi2`pB2rb T2`7Q`K2/ #2ir22M kyyN M/ kyRy U*2`[m2B`- kyR9VX
QmiKB;`iBQM iQ Qi?2` +QmMi`B2b BM i?2 b2`+? Q7  #2ii2` HB72 bBimiBQM U"2BHBM 2i HX
- kyR9c S2`2B` 2i HX - kyy8VX h?2 T`Q;`2bbBp2 `m`H /2TQTmHiBQM Q7 i?Qb2 `2b HbQ
+`2i2b  b2H7@722/BM; +B`+H2 Q7 bQ+BH /2+HBM2- r?2`2 #bB+ K2MBiB2b U2X;X b+?QQHb-
?QbTBiHbV M/ DQ# QTTQ`imMBiB2b #2+QK2 b+`+2- i?mb H2/BM; iQ KQ`2 /2TQTmHiBQM
US2`2B` 2i HX - kyy8c 6B;m2B`2/Q  S2`2B`- kyRRVX h?Qb2 /`Bp2`b +M #2 +QmMi2`@
+i2/ #v p`BQmb 7`B+iBQMb iQ HM/ #M/QMK2Mi- bm+? b i?2 /2p2HQTK2Mi Q7 iQm`BbK
M/ H2Bbm`2- +mHim`H pHm2b M/  b2Mb2 Q7 B/2MiBiv- M/ MiBQMH `m`H /2p2HQTK2Mi
BMBiBiBp2b M/ bm#bB/B2b Ub22 h#H2 k BM TT2M/Bt "VX
AMi2`pB2rb +QM/m+i2/ rBi?BM i?2 TQTmHiBQM Q7 i?2 S2M2/ :2`āb KQmMiBM `M;2- BM
LQ`i?2`M SQ`im;H- `2p2H2/ i?i QM i?2 QM2 ?M/ i?2 HQr T`Q}i 7Q` i?2 +mHiBpiBQM
Q7 i?2 HM/ #v M ;BM; TQTmHiBQM `2 /`BpBM; #M/QMK2Mi- r?BH2 QM i?2 Qi?2`
?M/- i?2 M2+2bbBiv 7Q` bm#bBbi2M+2 M/ bm#bB/B2b `2 KDQ` BM+2MiBp2b 7Q` KBMiBMBM;
;`B+mHim`2 U6B;X RXkVX h?2 bQ+BH +Q?2bBQM BM M `2 Bb HbQ  /2i2`KBMBM; 7+iQ`
BM i?2 `i2 Q7 HM/ #M/QMK2MiX b  Kii2` Q7 7+i- rBi?BM  iB;?i +QKKmMBiv-
3
RX9 S2`+2TiBQMb Q7 HM/ #M/QMK2Mi M/ `2rBH/BM;
T2QTH2 i2M/ iQ KBKB+ 2+? Qi?2`Ƕb #2?pBQ`b U:QH/bi2BM 2i HX - kyy3V- r?B+? +M
7m`i?2` 2M7Q`+2 i?2 +B`+H2 Q7 bQ+BH /2+HBM2 BM `2KQi2 `2b Ub22 +?Ti2` jVX
A7 i?2 i`2M/b Q7 `m`H /2TQTmHiBQM M/ HM/ #M/QMK2Mi +QMiBMm2 b Q#b2`p2/- Q`
BM+`2b2- i?2`2 Bb  MQM@M2;HB;B#H2 TQi2MiBH 7Q` 2+Qbvbi2K `2biQ`iBQM M/ #BQ/Bp2`bBiv
+QMb2`piBQM U1HHBb- kyRjV- M/ `2rBH/BM; b?QmH/ #2 +QMbB/2`2/ b  pHB/ QTiBQMX
LQM2i?2H2bb- BM 1m`QT2- i?2 #M/QMK2Mi Q7 ;`B+mHim`H HM/ M/ `2rBH/BM; i2M/
iQ #2 T2`+2Bp2/ M2;iBp2Hv- #v i?2 Tm#HB+- M/ #v i?2 b+B2MiB}+ +QKKmMBiv Ub22
+?Ti2` kVX
RX9X S2`+2TiBQMb Q7 HM/ #M/QMK2Mi M/ `2rBH/BM;
AM  `2+2Mi K2i@MHvbBb- UZm2B`Qx 2i HX - kyR9c Mi`QT- kyy8V B/2MiB}2/ M BKTQ`@
iMi `2;BQMH p`BiBQM BM i?2 Q#b2`p2/ +QMb2[m2M+2b Q7 7`KHM/ #M/QMK2Mi 7Q`
#BQ/Bp2`bBivX 6Q` 2tKTH2- BM LQ`i? K2`B+- i?2 7Q+mb Q7 i?2 bim/B2b rb QM i?2
`2biQ`iBQM Q7 2+Qbvbi2Kb ǳTQbi@#M/QMK2MiǴ- r?BH2 BM 1m`QT2- r?2`2 KQbi Q7 i?2
bim/B2b ?/ #22M +QM/m+i2/- i?2 7Q+mb rb +H2`Hv Q`B2Mi2/ iQr`/b i?2 `2biQ`iBQM Q7
2+Qbvbi2Kb iQ  biimb bBKBH` iQ i?2 ǳT`2@#M/QMK2MiǴ +QM/BiBQMbX *QMb2[m2MiHv-
i?2 /Q+mK2Mi2/ `2bTQMb2b Q7 #BQ/Bp2`bBiv iQ HM/ #M/QMK2Mi r2`2 KBMHv M2;iBp2
BM 1m`QT2- mMHBF2 BM LQ`i? K2`B+X
h?2b2 `2bmHib +QK7Q`i i?2 B/2 i?i B/2MiB7vBM; i?2 2M/ ;QH Q7 +QMb2`piBQM- BX2X
ǳr?i /Q r2 rMi iQ T`2b2`p2 M/fQ` `2biQ`2- M/ r?2`2\Ǵ Bb 7mM/K2MiH BM 
+QMi2ti Q7 7`KHM/ #M/QMK2Mi M/ `2rBH/BM; U2X;X *`pH?Q@_B#2B`Q 2i HX -
kyRjVX aQ+B2ivǶb BM+HBMiBQM iQr`/b ;Bp2M bT2+B2b Q` ?#Biib /2T2M/b QM Ubm#D2+iBp2V
#b2HBM2- r?B+? `2i`QbT2+iBp2Hv /B+ii2 r?i b?QmH/ #2 T`2b2`p2/ UZm2B`Qx 2i HX -
kyR9c Mi`QT- kyy8VX u2i- i?Qb2 #b2HBM2b `2 KmHiBTH2 U2X;X 7mM+iBQMH- ?BbiQ`B+H-
2bi?2iB+H- +mHim`HV M/ +M b?B7i 7`QK ;2M2`iBQMb iQ ;2M2`iBQMb USTrQ`i? 2i HX
- kyyNc o2`- kyyNVX
h?2 7+i i?i BM 1m`QT2- KQbi HM/b+T2b ?p2 MQi #22M ǳrBH/Ǵ 7Q` KBHH2MMB U1HHBb
2i HX - kyRjc ETHM 2i HX - kyyNV +M 2tTHBM r?v KQbi +QMb2`piBQM Bb 7Q+mb2/
QM KBMiBMBM; i?2 i`/BiBQMH ;`B+mHim`H HM/b+T2b U6B;X RXjXV r?B+? `2 MQr
i?`2i2M2/ #v HM/ #M/QMK2Mi UZm2B`Qx 2i HX - kyR9VX i i?2 QTTQbBi2- i?2
`2KBMBM; rBH/HB72 Bb Q7i2M T2`+2Bp2/ b  bQm`+2 Q7 +QM~B+i U2X;X E+x2MbFv 2i HX -
kyy9c qBHbQM- kyy9c h`2p2b  "`mbFQii2`- kyR9 M/ b22 +?Ti2` kV- M/fQ`  i?`2i-
N
*?Ti2` R AMi`Q/m+iBQM
6B;m`2 RXjX, hrQ QTTQbBM; +QM+2Tib Q7 Mim`2 M/ rBH/HB72X X h?2 `+/BM Q`
SbiQ`H bii2- #v h?QKb *QH2 UR3j9VX "X AHHmbi`iBQM Q7 i?2 GBiiH2 _2/ _B/BM;
>QQ/ Q7 *?`H2b S2``mHi UReNdV- #v JMm2H JQm`X
b TQ`i`v2/ BM 7QHFHQ`2 M/ iH2b UqBHbQM- kyy9c "QBiMB- kyyy M/ b22 6B;X RXjX"VX
q2 `2 MQr 2p2M +`2iBM; /Qm#H2 biM/`/b BM +QMb2`piBQM #BQHQ;v- r?2`2 /2p2HQT2/
+QmMi`B2b T`2b2`p2  ?mKM@BM~m2M+2/ HM/b+T2- r?BH2 /2p2HQTBM; +QmMi`B2b `2
2M+Qm`;2/ iQ HBKBi i?2B` BKT+i QM i?2 HM/ M/ iQ T`2b2`p2 rBH/HB72- `2;`/H2bb Q7
+QM~B+ib UJ2BD`/  a?2BH- kyRRVX
u2i- rBH/ HM/b U2Bi?2` +m``2Mi rBH/2`M2bb Q` 7mim`2 `2rBH/2/ `2bV Kmbi #2+QK2
T`i Q7 i?2 +QMb2`piBQM ;2M/- BM 1m`QT2 b BM i?2 `2bi Q7 i?2 ;HQ#2X qBH/2`M2bb
`2b T`QpB/2  rB/2 `M;2 Q7 2+Qbvbi2K b2`pB+2b U+?Ti2` 8V- r?B+? bmTTHv +QmH/
#2 2M?M+2/ #v bm++2bb7mH `2rBH/BM; KM;2K2Mi Ub22 +?Ti2` 9VX _2rBH/BM; +M
HbQ #2M2}i b2p2`H bT2+B2b Ub22 +?Ti2` kV- r?B+? #2+K2 b2;`2;i2/ iQ i?2 72r
`2KBMBM; rBH/2`M2bb `2b UQ` /Ti2/ iQ ?mKM T`2bbm`2VX
qBH/2`M2bb `2+2MiHv ;BM2/ KQ`2 BKTQ`iM+2 BM i?2 1l +QMb2`piBQM TQHB+v ;2M/
Ub22 +?Ti2` eVX h?Bb i`2M/- //2/ iQ i?2 Q#b2`p2/ M/ 2tT2+i2/ HM/ #M/QMK2Mi-
+QmH/ HHQr `2rBH/BM; iQ ;BM  KQK2MimK BM HM/ KM;2K2Mi M/ `2biQ`iBQM
2+QHQ;vX
RX8X P#D2+iBp2b M/ QmiHBM2 Q7 i?2 i?2bBb
h?2 Q#D2+iBp2 Q7 i?Bb i?2bBb Bb iQ T`2b2Mi `2rBH/BM; b M QTTQ`imMBiv iQ //`2bb
i?2 Bbbm2 Q7 HM/ #M/QMK2Mi BM 1m`QT2- M/ iQ +QMi`B#mi2 iQ ;HQ#H `2biQ`iBQM
i`;2ibX AM T`iB+mH`- i?Bb i?2bBb BKb i //`2bbBM; i?2 7QHHQrBM; Bbbm2b,
Ry
RX8 P#D2+iBp2b M/ QmiHBM2 Q7 i?2 i?2bBb
6B;m`2 RX9X, P`;MBbiBQM Q7 i?2 +?Ti2`b rBi?BM i?2 i?2bBb
RX q?i Bb i?2 +m``2Mi M/ T`QD2+i2/ 2ti2Mi Q7 7`KHM/ #M/QMK2Mi BM 1m`QT2\
kX >Qr /Q i?2 bQ+BQ@2+QMQKB+ bT2+ib Q7 #M/QMK2Mi BM~m2M+2 i?2 HM/ +Qp2`-
M/ r?i Bb i?2 `2+BT`Q+Biv Q7 bm+? BMi2`+iBQM\
jX *M ǳbbBbi2/ `2rBH/BM;Ǵ Qp2`+QK2 2+QHQ;B+H }Hi2`b iQ TbbBp2 `2biQ`iBQM\
9X a?QmH/ HM/ #M/QMK2Mi M/ `2rBH/BM; #2 +QMbB/2`2/ b  i?`2i Q` b M
QTTQ`imMBiv 7Q` #BQ/Bp2`bBiv\
8X *M ?mKM r2HH@#2BM; #2 BKT`Qp2/ #v `2rBH/BM; M/ i?2 `2bmHiBM; BM+`2b2 Q7
rBH/ `2b BM 1m`QT2\
eX `2 i?2 1l +QMb2`piBQM TQHB+B2b /Ti2/ iQ 7`KHM/ #M/QMK2Mi- M/ ?Qr
+M i?2v BMi2;`i2 `2rBH/BM; b  HM/ KM;2K2Mi QTiBQM\
h?2 `2b2`+? T`2b2Mi2/ BM i?Bb i?2bBb Bb bBimi2/ i i?2 BMi2`7+2 #2ir22M bQ+B2iB2b-
HM/@mb2b- M/ #BQ/Bp2`bBiv U6B;X RX9VX Ai Bb Q`;MBb2/ `QmM/ }p2 +?Ti2`b- r?B+? iQT@
B+b `2Hi2 iQ i?2 BMi2`+iBQM #2ir22M bQ+B2iv M/ HM/b+T2b U+?Ti2` jV- #2ir22M bQ@
+B2iv M/ #BQ/Bp2`bBiv U+?Ti2` 8V- #2ir22M HM/b+T2b M/ #BQ/Bp2`bBiv U+?Ti2` 9V-
Q` i i?2 BMi2`7+2 #2ir22M i?2 i?`22 U+?Ti2` k M/ +?Ti2` eVX
AM +?Ti2` k- r2 BMp2biB;i2 i?2 TQi2MiBH 7Q` `2rBH/BM; BM  +QMi2ti Q7 7`KHM/
#M/QMK2Mi BM 1m`QT2 #v //`2bbBM; 7Qm` KBM iQTB+b UbQK2 Q7 r?B+? #2BM; 7m`i?2`
RR
*?Ti2` R AMi`Q/m+iBQM
/Bb+mbb2/ BM bm#b2[m2Mi +?Ti2`b Q7 i?2 i?2bBbVX h?2 +?Ti2` }`bi B/2MiB}2b r?B+?
`2 i?2 T`/B;Kb Q7 1m`QT2M ;`B+mHim`2 M/ ?Qr HBF2Hv 7`KHM/ #M/QMK2Mi
Bb iQ +QMiBMm2 BM i?2 /2+/2b iQ +QK2X h?2 +QMb2[m2M+2b Q7 HM/ #M/QMK2Mi 7Q`
#BQ/Bp2`bBiv M/ i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b `2 i?2M bim/B2/X 6BMHHv- +?Ti2`
R /Bb+mbb2b i?2 +?HH2M;2b Q7 TTHvBM; `2rBH/BM; M/ i?2 QTiBQMb iQ Qp2`+QK2 i?2KX
h?2 rQ`F T`2b2Mi2/ BM i?Bb +?Ti2` rb Tm#HBb?2/ b, Lp``Q- G2iBiB JX M/
S2`2B`- >2M`B[m2 JX UkyRkV _2rBH/BM; #M/QM2/ GM/b+T2b BM 1m`QT2- 1+Qbvbi2Kb
R8, Nyy@NRkX
AM +?Ti2` j- r2 T`2b2Mi  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM M/ Bib +QMb2@
[m2M+2b QM i?2 7Q`2bi +Qp2`X h?Bb KQ/2H bi2Kb 7`QK i?2 mMB[m2 bvbi2K Q7 b2bQMH
KB;`iBQMb #2ir22M bmKK2` pBHH;2b U#`M/bV M/ rBMi2` pBHH;2b UBMp2`M2B`bV ?Bb@
iQ`B+HHv Q#b2`p2/ BM T`Bb?2b Q7 i?2 S2M2/ :2`āb LiBQMH S`FX h?2 KQ/2H BM@
p2biB;i2b i?2 +QmTH2/ /vMKB+ #2ir22M i?2 bQ+BH bvbi2K UBX2X #HM+2 #2ir22M
b2/2Mi`v M/ MQK/b- /`Bp2`b Q7 b2/2Mi`BxiBQMV- M/ i?2 2+QHQ;B+H KQ/2H UBX2X
7Q`2bi /vMKB+VX h?2 rQ`F T`2b2Mi2/ BM i?Bb +?Ti2` Bb +m``2MiHv  KMmb+`BTi-
iQ #2 bm#KBii2/ iQ 1+QHQ;B+H JQ/2HBM; b, Lp``Q GXJX- 6B;m2B`2/Q CX- S2`2B`
>XJX UBM T`2TVX  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM, i?2 +b2 Q7 #`M/b M/
BMp2`M2B`b BM LQ`i?2`M SQ`im;HX
AM +?Ti2` 9- r2 BMp2biB;i2 /Bbim`#M+2b- r?B+? +M #2 2Bi?2` Mi?`QTQ;2MB+ U2X;X
;`B+mHim`2V Q` Mim`H U2X;X }`2- 2+Qbvbi2K 2M;BM22`bV- M/ ?Qr i?2v b?T2/ i?2
1m`QT2M HM/b+T2b M/ i?2 `2bmHiBM; +QKKmMBiv Q7 bT2+B2b i?i BM?#Bi i?2KX AM
 +QMi2ti Q7 7`KHM/ #M/QMK2Mi M/ Hi2`2/ `2;BK2b Q7 Mim`H /Bbim`#M+2b- i?2
+?Ti2` T`2b2Mib ?Qr `2rBH/BM;- BM M bbBbi2/ 7Q`K r?2M M22/2/- +M +QMi`B#mi2 iQ
i?2 KBMi2MM+2 Q7 i?`2i2M2/ ?#BiibX h?2 rQ`F T`2b2Mi2/ BM i?Bb b2+iBQM Bb i?2
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`+i2`BbiB+b THv2/  F2v `QH2 BM i?2 /2KBb2 Q7 KMv Q7 i?2 i`/BiBQMH
T`+iB+2b r?2M H#Q` +Qbib `Qb2 /m2 iQ 2+QMQKB+ ;`Qri?- M 2z2+i i?i +QMi`B#mi2/
iQ M/ rb 2t+2`#i2/ #v `m`H 2tQ/mbX G`;2 MmK#2`b Q7 HBp2biQ+F F2Ti p2;2iiBQM
bm++2bbBQM QM ?QH/ 7Q` +2Mim`B2b- #mi BM i?2 Tbi 72r /2+/2b HBp2biQ+F MmK#2`b
?p2 /2+HBM2/ BM KMv Q7 i?2b2 `2;BQMb U*QQT2` 2i HX - kyyeVX AM 1m`QT2- i?2
MmK#2` Q7 HBp2biQ+F U+iiH2- ;Qib M/ b?22TV /2+HBM2/ #v k8W #2ir22M RNNy M/
kyRy U6Pahh- kyRyVX
aiBHH- `2+Q;MBxBM; i?2 `QH2 Q7 1m`QT2M 7`K2`b BM KBMiBMBM; i?2b2 HM/b+T2b
U.m;bi/ 2i HX - kyyeV- b2p2`H K2bm`2b ?p2 #22M BKTH2K2Mi2/ iQ HBKBi 7`KHM/
/2TQTmHiBQMX b T`i Q7 i?2 1m`QT2M *QKKQM ;`B+mHim`2 SQHB+v- G2bb 6pQ`2/
`2b UG6b@_2;mHiBQM Rk8dfRNNNV r2`2 /2bB;Mi2/ KBMHv iQ T`2p2Mi `m`H #M@
/QMK2Mi M/ KBMiBM +mHim`H HM/b+T2b U.t- kyy8c aiQi2 2i HX - kyyNVX G6b
r2Mi 7`QK `2T`2b2MiBM;  i?B`/ Q7 i?2 1m`QT2M liBHBx2/ ;`B+mHim`H `2 UlV
BM RNd8 iQ KQ`2 i?M ?H7 BM kyy8 U.t- kyy8c J+.QMH/ 2i HX - kyyyVX h?Qm;?
i?2 G6 +HbbB}+iBQM Q7i2M ?TT2Mb iQ Ki+? >B;? Lim`2 oHm2 7`KBM; bvbi2Kb
M/ 2ti2MbBp2 ;`B+mHim`2- Bi TQb2b MQ HBKBi iQ BMi2MbB}+iBQM M/ Qp2`;`xBM; U.t-
kyy8VX
AM i?2 _m`H .2p2HQTK2Mi SHM 7Q` kyydĜkyRj- i?2 TvK2Mib iQ 7`K2`b BM G6b
k8
*?Ti2` k _2rBH/BM; #M/QM2/ GM/b+T2b BM 1m`QT2
6B;m`2 kXjX, Sbi M/ 7mim`2 i`2M/b Q7 1m`QT2M ;`B+mHim`H `2 M/ `m`H TQTm@
HiBQMX ;`B+mHim`H `2 UHBM2bV, HM/@mb2 +?M;2 T`2/B+i2/ BM i?2 7Qm` b+2M`BQb
Q7 i?2 JBHH2MMBmK 1+Qbvbi2K bb2bbK2Mi UpM omm`2M 2i HX - kyyeVX h?2 T`QD2+@
iBQMb `2 #b2/ QM i?2 `2 Q7 7QQ/ +`QTb- ;`bb M/ 7Q//2`- M/ #BQ7m2Hb +`QTb-
#2ir22M RNdy M/ kyjyX Pa Q`/2` 7`QK bi`2M;i?- J /TiBM; KQbB+- :P ;HQ#H
Q`+?2bi`iBQM- h: i2+?MQ@;`/2MX _m`H TQTmHiBQM bBx2 U#`bV, ?BbiQ`B+H pHm2b
U/`F ;`vV M/ 7mim`2 T`QD2+iBQMb UHB;?i ;`vV U6Pahh- kyRyc Tbi /i 7Q`
i?2 "HiB+ +QmMi`B2b 7`QK ?iiT,ff rrrXMiBQMKbi2`X+QKVX
ke
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h#H2 kXRX, S`QD2+iBQMb Q7 6mim`2 *?M;2 BM i?2 ;`B+mHim`H `2 U`#H2 GM/
M/ Sbim`2V 7`QK .Bz2`2Mi aim/B2bX URV AMBiBH ;`B+mHim`H `2 2biBKi2 Q#iBM2/
7`QK 6Pahh UkyRyVX UkV h?2b2 pHm2b `2 QMHv 7Q` `#H2 HM/X UjV h?Bb bim/v
HQQF2/ i i?2 kj KQbi BKTQ`iMi 7QQ/ +`QTb rQ`H/rB/2- +Q``2bTQM/BM; iQ 99W Q7
i?2 +`QTHM/ `2 BM /2p2HQT2/ +QmMi`B2b U"HK7Q`/ 2i HX - kyy8VX
iQiH2/ ī RkXe #BHHBQM U1m`QT2M *QKKBbbBQM- kyRR/VX h?Qm;? i?2 bmK Q7 i?2b2
bm#bB/B2b Bb bm#biMiBH i i?2 1m`QT2M b+H2- i i?2 BM/BpB/mH H2p2H i?2v KB;?i MQi
#2 2MQm;? iQ KBMiBM vQmM; 7`K2`b Q` ii`+i M2r `2bB/2Mib U*QQT2` 2i HX - kyyeV-
2bT2+BHHv BM `2b r?2`2 i?2 7`K bBx2 Bb bKHHX 6Q` 2tKTH2- r?2M +QMbB/2`BM; M
p2`;2 7`K bBx2 Q7 kj ? BM KQmMiBM `2b UJ+.QMH/ 2i HX - kyyyV M/ M
p2`;2 G6 bm#bB/v Q7 ī Ryyf? U.t- kyy8V- i?2 p2`;2 TvK2Mi Bb Q7 ī k-jyy
T2` 7`Kfv2`X h?Bb pHm2 +M #2 ?B;?2` B7 7`K2`b HbQ /?2`2 iQ ;`B@2MpB`QMK2MiH
b+?2K2b- #mi Qp2`HH G6 7`K2`b biBHH ?p2 HQr2` BM+QK2b U*QQT2` 2i HX - kyyeV, i?2
6`K L2i oHm2 //2/ Bb Rj-y8e īf MMmH qQ`F lMBi BM KQmMiBM G6b- R9-Rd9
īf ql BM Qi?2` G6b- M/ R3-Nkj īfql BM MQM@G6b Up2`;2 7Q` i?2 1lk8
+QmMi`B2b #2ir22M kyy9 M/ kyy8 BM 1m`QT2M *QKKBbbBQM- kyy3VX
>2M+2 i?2 /2+`2b2 BM `m`H TQTmHiBQMb i?i bi`i2/ BM i?2 RNeyb Bb T`QD2+i2/ iQ
+QMiBMm2 BMiQ i?2 M2ti 72r /2+/2b U6B;X kXjVX 6mim`2 b+2M`BQb T`2/B+i i?i i?2 +QM@
i`B#miBQM Q7 ;`B+mHim`2 BM `2;`/b iQ :.S M/ 2KTHQvK2Mi BM 1m`QT2 rBHH +QMiBMm2
/2+`2bBM; U1B+F?Qmi 2i HX - kyydc LQrB+FB 2i HX - kyyeVM/ i?2 vQmM; ;2M2`iBQMb
rBHH F22T KB;`iBM; iQ i?2 +BiB2b- b HQM; b i?2B` HB72 [mHBiv M/ BM+QK2 T`QbT2+ib `2
?B;?2` i?2`2 U1m`QT2M *QKKBbbBQM- kyy3#c E22MH2vbB/2  hm+F2`- kyRyV `2bmHiBM;
BM i?2 MQM@`2TH+2K2Mi Q7 i?2 ;BM; TQTmHiBQM Q7 1m`QT2M 7`K2`bX
6QHHQrBM; i?2 /2+`2b2 BM i?2 `m`H TQTmHiBQM- ;`B+mHim`H `2 BM 1m`QT2 Bb HbQ
kd
*?Ti2` k _2rBH/BM; #M/QM2/ GM/b+T2b BM 1m`QT2
2tT2+i2/ iQ F22T +QMi`+iBM; U6B;X kXjV- /2bTBi2 M 2tT2+i2/ BM+`2b2 BM i?2 ;HQ#H
/2KM/ 7Q` ;`B+mHim`H ;QQ/b- #2+mb2 2MQm;? 7QQ/ Bb Q#iBM2/ 2Bi?2` /B`2+iHv #v
T`Q/m+iBQM QM +QKT2iBiBp2 HM/ BM 1m`QT2 Q` 2Hb2r?2`2 BM i?2 rQ`H/ UE22MH2vbB/2 
hm+F2`- kyRyVX _2;BQMHHv H#2H2/ M/ Q`;MB+ T`Q/m+ib +QmH/ ?2HT KBMiBM +2`iBM
7Q`Kb Q7 2ti2MbBp2 ;`B+mHim`2 #mi i?Bb K`F2i `2KBMb `2bi`B+i2/ Uai`BDF2`- kyy8VX
S`QD2+iBQMb HbQ iF2 BMiQ ++QmMi M BM+`2bBM; /2KM/ BM #BQ+`QTb U_QmMb2p2HH
2i HX - kyyec a+?`ƺi2` 2i HX - kyy8c o2`#m`;  Pp2`K`b- kyyNV- r?B+? +M 2tTHBM
 KQ/2`i2 BM+`2b2 BM i?2 T`2/B+i2/ ;`B+mHim`H `2 BM bQK2 b+2M`BQbX
h?2 /BK2MbBQM Q7 i?2 ;`B+mHim`H `2 #M/QM2/ Q` +QMp2`i2/ BMiQ T`Q/m+iBQM 7Q`@
2bi p`B2b rB/2Hv #2ir22M b+2M`BQb Uh#X kXRVX A7 r2 mb2 i?2 BMi2`K2/Bi2 b+2M`BQb
BM o2`#m`;  Pp2`K`b UkyyNV- #2ir22M Ry M/ kN KBHHBQM ? Q7 HM/ rBHH #2 `2@
H2b2/ 7`QK ;`B+mHim`2 #2ir22M kyyy M/ kyjyX `2b T`iB+mH`Hv bmb+2TiB#H2 iQ
i?2 /2+HBM2 Q7 ;`QTbiQ`H mb2 BM+Hm/2 b2KB@Mim`H ;`bbHM/b M/ `2KQi2 Q` KQmM@
iBMQmb `2b rBi? TQQ` bQBH [mHBiv UE22MH2vbB/2  hm+F2`- kyRyc SQBMi2`2m 2i HX
- kyy3c aiQi2 2i HX - kyyNVX aQK2 Q7 i?2b2 `2b `2 HQ+i2/ BM LQ`i?2`M SQ`im;H-
LQ`i?r2bi2`M 6`M+2- i?2 HTb- i?2 T2MMBM2b M/ *2Mi`H 1m`QT2 U6B;X kX9VX
kXjX h?2 #2M2}ib Q7 `2rBH/BM;
.2}MBM; `2rBH/BM;
_2rBH/BM; Bb i?2 TbbBp2 KM;2K2Mi Q7 2+QHQ;B+H bm++2bbBQM rBi? i?2 ;QH Q7 `2biQ`@
BM; Mim`H 2+Qbvbi2K T`Q+2bb2b M/ `2/m+BM; ?mKM +QMi`QH Q7 HM/b+T2b U:BHHbQM
2i HX - kyRRVX LQi2 i?i Hi?Qm;? TbbBp2 KM;2K2Mi 2KT?bBx2b MQ KM;2K2Mi
Q` HQr H2p2Hb Q7 KM;2K2Mi U7Q` 2tKTH2- o2`- kyyNV- BMi2`p2MiBQM Kv #2 `2[mB`2/
BM i?2 2`Hv `2biQ`iBQM bi;2bX
AM +QMi`bi- Km+? Q7 i?2 #BQ/Bp2`bBiv +QMb2`piBQM 2zQ`ib BM 1m`QT2 2KT?bBx2 +@
iBp2 KM;2K2Mi- #v KBMiBMBM; HQr@H2p2H ;`B+mHim`H T`+iB+2b U6B;X kXRVX +iBp2
KM;2K2Mi HbQ /Bz2`b BM ;QHb- i`;2iBM; i?2 BM+`2b2 Q7 i?2 #mM/M+2 Q7 bT2+B}+
it Q` i?2 KBMi2MM+2 Q7 T`iB+mH` ?#Biib- mbBM; TT`Q+?2b bm+? b p2;2iiBQM
+H2`BM; M/ +QMbi`m+iBQM Q7 `iB}+BH ?#Biib- Q7i2M rQ`FBM; ;BMbi bm++2bbBQMH
T`Q+2bb2bX
Lim`H bm++2bbBQM QM #M/QM2/ 7`KHM/ M/ Tbim`2b Q7i2M H2/b iQ b+`m#HM/
M/ bQK2iBK2b i  Hi2` bi;2- iQ 7Q`2bi U*QMiB  6;`xxB- kyy8VX SbbBp2 7Q`2bi
k3
kXj h?2 #2M2}ib Q7 `2rBH/BM;
6B;m`2 kX9X, GQ+HBxiBQM Q7 i?2 ?QibTQib Q7 #M/QMK2Mi M/ `2rBH/BM; BM 1m`QT2X
h?Qb2 ?QibTQib `2 `2b +i2;Q`Bx2/ b ǳ;`B+mHim`2Ǵ BM kyyy i?i `2 T`QD2+i2/
iQ #2+QK2 `2rBH/2/ Q` zQ`2bi2/ BM kyjy M/ i?i `2 +QKKQM iQ HH 7Qm` b+2M`@
BQb Q7 i?2 *Gl1 KQ/2H Uo2`#m`;  Pp2`K`b- kyyNVX >QibTQib `2 2tT`2bb2/ b
 T2`+2Mi;2 Q7 2+? Ryy@FKk ;`B/ +2HHX ;`B+mHim`H `2b +Q``2bTQM/ iQ ǳ`#H2
HM/ UMQM@B``B;i2/VǴ- ǳTbim`2Ǵ- ǳB``B;i2/ `#H2 HM/Ǵ M/ ǳT2`KM2Mi +`QTbǴX
_2rBH/2/ M/ zQ`2bi2/ `2b +Q``2bTQM/ iQ ǳUb2KBV@Mim`H p2;2iiBQMǴ- ǳ7Q`@
2biǴ- ǳ`2+2MiHv #M/QM2/ `#H2 HM/Ǵ- M/ ǳ`2+2MiHv #M/QM2/ Tbim`2 HM/ǴX
*QmMi`B2b BM ;`2v ?p2 MQ /iX
kN
*?Ti2` k _2rBH/BM; #M/QM2/ GM/b+T2b BM 1m`QT2
`2;2M2`iBQM `2biQ`2b HKQbi b Km+? 7Q`2bi2/ `2b ;HQ#HHv b +iBp2 i`22 THMiiBQM
U_2v "2Mvb  "mHHQ+F- kyRkVX LQM2i?2H2bb- ǳrBH/2`M2bbǴ Bb MQi  bvMQMvK Q7
ǳ+QMiBMmQmb 7Q`2biǴ Uami?2`HM/- kyykVX h?2 1m`QT2M K2;7mM THv2/  `QH2 BM
KBMiBMBM; QT2M HM/b+T2b- #27Q`2 #2BM; #`Qm;?i iQ ;HQ#H Q` HQ+H 2tiBM+iBQM #v
?mKMb M/ `2TH+2/ #v /QK2biB+i2/ ;`x2`b U"mHHQ+F- kyyNc o2`- kyyyc CQ?MbQM-
kyyNc M/ +?Ti2` 9VX
h?Bb /Q2b MQi K2M i?i `2rBH/BM; b?QmH/ BK i `2#mBH/BM; SH2BbiQ+2M2 2+Qbvb@
i2Kb- M TT`Q+? r?B+? ?b #22M T`QTQb2/ 2Hb2r?2`2 U.QMHM 2i HX - kyyeV- #mi
i?i 7+2b KMv /B7}+mHiB2b U*`Q- kyydV- BM+Hm/BM; i?2 H+F Q7 KMv Q7 i?2 Q`B;BMH
F2vbiQM2 bT2+B2b-  /Bz2`2Mi +HBKi2- M/ 2+Qbvbi2Kb KQ/B}2/ HQ+HHv U7Q` 2tKTH2-
+?M;2b BM bQBH +mb2/ #v ;`B+mHim`2V M/ `2;BQMHHv #v ?mKMb U7Q` 2tKTH2- i?2
;HQ#H MBi`Q;2M +v+H2VX AMbi2/- i?2 2KT?bBb Bb QM i?2 /2p2HQTK2Mi Q7 b2H7@bmbiBMBM;
2+Qbvbi2Kb- T`Qi2+iBM; MiBp2 #BQ/Bp2`bBiv M/ Mim`H 2+QHQ;B+H T`Q+2bb2b M/ T`Q@
pB/BM;  `M;2 Q7 2+Qbvbi2K b2`pB+2b U*`K2` 2i HX - kyy3VX h?2b2 MQp2H 2+Qbvbi2Kb
Kv #2 /2bB;M2/ iQ #2 b bBKBH` b TQbbB#H2 iQ bQK2 ?BbiQ`B+H #b2HBM2 BM i?2 `2+2Mi
Q` /BbiMi Tbi- #mi i?2v rBHH Q7i2M BMpQHp2 i?2 BMi`Q/m+iBQM Q7 M2r #BQiB+ 2H2K2Mib
U>Q##b 2i HX - kyyNVX
"2M2}ib Q7 `2rBH/BM; 7Q` "BQ/Bp2`bBiv
_2rBH/BM; rBHH +mb2 #BQ/Bp2`bBiv +?M;2b rBi? bQK2 bT2+B2b /2+HBMBM; BM #mM/M+2-
i?i Bb- HQb2` bT2+B2b- M/ Qi?2` bT2+B2b BM+`2bBM; BM #mM/M+2- i?i Bb- rBMM2`
bT2+B2b U_mbbQ- kyyec aB`KB 2i HX - kyy3VX q2 `2pB2r2/ kj bim/B2b B/2MiB7vBM; 
TQbBiBp2 `2bTQMb2 Q7 bT2+B2b iQ /2+`2bBM; ?mKM T`2bbm`2 Q` iQ `2biQ`iBQM Q7 i?2B`
?#Bii 7QHHQrBM; HM/ #M/QMK2Mi Ub22 TT2M/Bt *VRX AM iQiH- r2 B/2MiB}2/ ey
bT2+B2b Q7 #B`/b- k9 bT2+B2b Q7 KKKHb- M/ ke bT2+B2b Q7 BMp2`i2#`i2b i?i +QmH/
#2M2}i 7`QK 7`KHM/ #M/QMK2Mi Uh#H2 R BM TT2M/Bt *VX q2 HbQ B/2MiB}2/ RyR
bT2+B2b M2;iBp2Hv z2+i2/ #v HM/ #M/QMK2Mi Uh#H2 k BM TT2M/Bt *V- #mi Rj Q7
i?Qb2 bT2+B2b +M #2 +HbbB}2/ b #Qi? ǳrBMM2`Ǵ M/ ǳHQQb2`Ǵ /2T2M/BM; QM i?2 bim/v
M/ i?2 `2;BQMX Jm+? Q7 i?2 ;`Q#BQ/Bp2`bBiv bbQ+Bi2/ rBi? >B;? Lim`2 oHm2
6`KHM/ rBHH #2 BM i?2 ǳHQQbBM;Ǵ +i2;Q`vX AM +QMi`bi- KMv Q7 i?2 rBMM2` bT2+B2b
?p2 /2+HBM2/ Q` #2+K2 7mM+iBQMHHv 2tiBM+i BM i`/BiBQMH ;`B+mHim`H HM/b+T2b-
bm+? b H`;2 +`MBpQ`2b U"QBiMB  GBMM2HH- BM T`2bbVX h?2b2 bT2+B2b rBHH #2M2}i 7`QK
Rb22 HbQ J2`+Ft UBM T`2bbVc "QBiMB  GBMM2HH UBM T`2bbVc *Q`iûb@pBxM/ 2i HX UBM T`2bbVc
_2v "2Mvb  "mHHQ+F UBM T`2bbV M/ +?Ti2` 9
jy
kXj h?2 #2M2}ib Q7 `2rBH/BM;
7Q`2bi `2;2M2`iBQM M/ i?2 +QMM2+iBQM Q7 7`;K2Mi2/ Mim`H ?#Biib UE22MH2vbB/2
 hm+F2`- kyRyc _mbbQ- kyyeVX
_2p2;2iiBQM T`QKQi2b i?2 BM+`2b2 Q7 i?2 Q`;MB+ Kii2` +QMi2Mi M/ i?2 ri2`
?QH/BM; +T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c UkV iQ/Qb
Qb `2bB/2Mi2b T`iB+K KB;`Ï½Q bxQMH- Kb /2BtK H;mK `2 ~Q`2bi/ Mb
#`M/b 2fQm Mb BMp2`M2B`bc UjV bm`;2K M TQTmHÏ½Q `2bB/2Mi2 H;mMb BM/Bpő/mQb
b2/2Mi`BQb 2 `2b p`Bp2Bb /Q i2``2MQ b½Q mb/b T` ;`B+mHim`- /2BtM/Q H@
;mK i2``2MQ ~Q`2bi/Q MQ bBbi2Kc 2 U9V iQ/  TQTmHÏ½Q +2bb  KB;`Ï½Q bxQMH
2 iQ`M@b2 b2/2Mi`BX L2bi2 ȹHiBKQ +bQ- Q #M/QMQ / ;`B+mHim` Mb BMp2`M2B`b
+mb `2~Q`2biÏ½Q +QKTH2i- 2M[mMiQ H;mK ~Q`2bi TQ/2 b2` KMiB/ Mb #`M@
/bX
/B+BQMHK2Mi2- Q KQ/2HQ bQ+BQ2+QHƦ;B+Q T`2b2Mi H;mKb Km/MÏb /2 `2;BK2
[m2 M½Q b2`BK Q#b2`pp2Bb mbM/Q T2Mb Q KQ/2HQ bQ+BH Qm Q KQ/2HQ ~Q`2biHX
1K T`iB+mH`- Q#b2`pKQb Km/MÏb /2 `2;BK2 2Mi`2 iQ/ UQm M pbi KBQ`BV 
TQTmHÏ½Q b2` b2/2Mi`B 2 iQ/ UQm M pbi KBQ`BV  TQTmHÏ½Q b2` MƦK/X 1bib
Hi2`ÏǤ2b MQ 2biBHQ /2 pB/ T`2/QKBMMi2 / TQTmHÏ½Q iK#ûK iāK `2T2`+mbbǤ2b
/`biB+b M +Q#2`im` ~Q`2biH M pBxBM?MÏ /b #`M/b 2 BMp2`M2B`bX
h`MbBÏǤ2b `2+2Mi2b 2Mi`2 Qb 2biBHQb /2 pB/ KB;`Mi2 2 b2/2Mi`BQ 2K *bi`Q G#Q`@
2B`Q TQBK 2bi2 KQ/2HQ- T2b` /2 mK `2+2Mi2 MHBb2 /2iH?/ /Qb T/`Ǥ2b /2
p`BÏ½Q MQ mbQ /Qb bQHQb /m`Mi2 Qb ȹHiBKQb 8y MQb KQbi`` mK /BMKB+ KBb
+QKTH2t T`  +Q#2`im` ~Q`2biH /Q i2``2MQ /Q [m2  /BMKB+ T`QD2+i/ MQ
2bim/Q [mB T`2b2Mi/QX
T2b` /BbiQ-  2tBbiāM+B /2 Km/MÏb /2 `2;BK2 BHmbi`  BKTQ`iM+B /2 i2` 2K
+QMi b BMi2`+ÏǤ2b 2Mi`2 b +QKTQM2Mi2b bQ+BBb 2 2+QHƦ;B+b /Qb 2+QbbBbi2KbX
 B/2MiB}+Ï½Q / 2tBbiāM+B /2 TQMiQb /2 pB`;2K MQb 2+QbbBbi2Kb û M2+2bb`B
T` pHB`  bm `2bBHBāM+B 2 û T`iB+mH`K2Mi2 BKTQ`iMi2 [mM/Q b2 +QMbB/2` Qb
b2`pBÏQb /BbTQMB#BHBx/Qb T2HQb 2+QbbBbi2Kb- 2bT2+BHK2Mi2 [mM/Q b Km/MÏb /2
`2;BK2 `2bmHiMi2b b½Q B``2p2`bőp2BbX
SHp`b@+?p2, KB;`Ï½Q bxQMH- KQ/2HQ bQ+BQ2+QHƦ;B+Q- i`MbBÏ½Q +`őiB+- `2MQ@
pÏ½Q ~Q`2biH- +QKTQ`iK2MiQ +QH2+iBpQ- TQMiQ /2 pB`;2KX
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 bQ+BQ@2+QHQ;B+H KQ/2H Q7
b2/2Mi`BxiBQM, i?2 +b2 Q7 #`M/b
M/ BMp2`M2B`b BM LQ`i?2`M SQ`im;HX
#bi`+i, h?Qm;? b2/2Mi`BbK ?b 7Q` +2Mim`B2b #22M i?2 MQ`K 7Q` KQbi Q7 i?2
1m`QT2M ;`B+mHim`2- mMiBH `2+2MiHv bQK2 ;`QmTb KBMiBM2/ #2?pBQ`b Q7 b2bQMH
KB;`iBQMX aT2+B}+HHv- BM bQK2 T`Bb?2b Q7 LQ`i?2`M SQ`im;H- `2bB/2Mib rQmH/
KB;`i2 #2ir22M bmKK2` M/ rBMi2` `2bB/2M+2b M/ mb2 #Qi? `2b 7Q` ;`B+mHim`2X
h?2 bQ+BH@2+QHQ;B+H KQ/2H /2p2HQT2/ ?2`2 BHHmbi`i2b i?2 HBMF2/ /vMKB+ Q7 i?2
bQ+BH M/ 2+QHQ;B+H bvbi2Kb M/ ?Qr i?2v BMi2`+i M/ H2/ iQ `2;BK2 b?B7ib BM i?Bb
`2;BQMX h?2 /2+BbBQM iQ b2iiH2 rb +QMbB/2`2/ b  +QHH2+iBp2 #2?pBQ`- i`B;;2`2/ #v
bQ+BH M/ 2+QMQKB+ 7+iQ`b r?BH2 i?2 7Q`2bi /vMKB+b /2T2M/ T`iHv QM T2QTH2Ƕb
#BHBiv iQ mb2 pBH#H2 HM/X h?Bb KQ/2H b?Qrb ?Qr i?2 DQBMi bQ+BH M/ 2+QHQ;B+H
bvbi2Kb `2+? 2[mBHB#`B rBi? p`vBM; T`QTQ`iBQMb Q7 b2/2Mi`v `2bB/2Mib- r?B+? BM
`2im`M BM~m2M+2 i?2 KQmMi Q7 HM/ K/2 pBH#H2 7Q` 7Q`2bi `2;2M2`iBQMX am+?
KQ/2Hb `2 BKTQ`iMi iQ BHHmbi`i2 `2;BK2 b?B7ib M/ iQ #+F mT MmK2`Qmb 2KTB`B+H
Q#b2`piBQMb Q7 HBMF2/ bQ+BH@2+QHQ;B+H /vMKB+bX
E2vrQ`/b, b2bQMH KB;`iBQM- bQ+BQ@2+QHQ;B+H KQ/2H- +`BiB+H i`MbBiBQM- 7Q`2bi
`2;`Qri?- +QHH2+iBp2 #2?pBQ`- iBTTBM; TQBMiX
jXRX AMi`Q/m+iBQM
h?2 /2p2HQTK2Mi Q7 ;`B+mHim`2 i?`Qm;? i?2 /QK2biB+iBQM Q7 THMib M/ MBKHb
bQK2 Ry yyy v2`b ;Q K`Fb i?2 i`MbBiBQM 7`QK ?mMi2`@;i?2`2` bQ+B2iB2b iQ ;`B@
+mHim`H bQ+B2iB2b USBM?bB 2i HX - kyy8V M/ b bm+?- HbQ i`B;;2`2/ i?2 T`Q+2bb Q7
b2/2Mi`BxiBQM ULBb?B/- kyyRVX a2/2Mi`BxiBQM ?b MQr Q++m``2/ BM KQbi Q7 i?2
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Ti2` j  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM
rQ`H/- 2bT2+BHHv bBM+2 i?2 /p2Mi Q7 HM/ T`BpiBxiBQM ULBHbbQM  62`MbB/2- kyRRVX
a2/2Mi`BxiBQM ?b #22M T`2b2Mi2/ b #Qi?  bQ+BH i?`2b?QH/- rBi? MQ `2im`M iQ
 MQM@b2/2Mi`v HB72bivH2- Q` b M BMi2`K2/Bi2 bi;2 #2ir22M T2`BQ/b Q7 ?B;?2` Q`
HQr2` KQ#BHBiv U7Q`  `2pB2r b22 E2HHv- RNNkVX LQr/vb-  +?M;2 BM i?2 KB;`iBQM
Tii2`Mb Q7 i?2 `2KBMBM; MQK/B+ ;`QmTb- TQbbB#Hv H2/BM; iQ b2/2Mi`BxiBQM- +M
#2 i`B;;2`2/ #v +QMi+i rBi? bQ+B2iB2b i?i ?p2 H`2/v b2iiH2/ /QrM ULBHbbQM 
62`MbB/2- kyRRVX h?Qm;? b2/2Mi`BxiBQM M/ i?2 /2p2HQTK2Mi Q7 7`KBM; KB;?i
?p2 #22M +QMbB/2`2/ b  i2+?MQHQ;B+H BKT`Qp2K2Mi BM i?2 Tbi U"`F2`- kyRRV-
 `2+2Mi bim/v b?Qr2/ i?i BM Bib 2`Hv v2`b- ;`B+mHim`2 rb MQi KQ`2 T`Q/m+iBp2
i?M 7Q`;BM; U"QrH2b- kyRRVX JQ`2Qp2`- b2/2Mi`BxiBQM BMpQHp2/ +QMbi`BMib HBF2
T`bBiBbK- `2bQm`+2 HBKBiiBQM M/ rbi2 /BbTQbH ULBb?B/- kyyRVX _2HB;BQmb- bQ+BH
M/ /2KQ;`T?B+ /`Bp2`b `2 HBF2Hv iQ THv  7mM/K2MiH `QH2 BM i?2 /2p2HQTK2Mi Q7
7`KBM; M/ i?2 mM/2`HvBM; T`Q+2bb Q7 b2/2Mi`BxiBQM U"`F2`- kyRRc "QrH2b- kyRRVX
AM Qi?2` rQ`/b- i?2 /2+BbBQM iQ b2iiH2 +M #2 +QMbB/2`2/ b T`iHv i`B;;2`2/ #v i?2
bQ+BH 2MpB`QMK2MiX b  Kii2` Q7 7+i- ǳaQ+BH T`2bbm`2Ǵ ?b #22M BM+Q`TQ`i2/ BM
bQ+BQ@2+QHQ;B+H KQ/2Hb b KDQ` /`Bp2` Q7 i?2 bQ+BH /vMKB+ UaiF2 2i HX - kyydc
Arb 2i HX - kyRyc 6B;m2B`2/Q  S2`2B`- kyRRVX
>BbiQ`B+HHv- BM i?2 J2/Bi2``M2M- r?2M TbiQ`HBbK rb MQi T2`7Q`K2/ b2/2Mi`BHv-
HBp2biQ+F QrM2`b rQmH/ T`+iB+2 2Bi?2` i`Mb?mKM+2 UBX2X i?2 b2bQMH /BbTH+2K2Mi
Q7 i?2 HBp2biQ+F H2/ #v T`i Q7 i?2 +QKKmMBivV Q` b2KB@MQK/BbK UBX2X i?2 b2bQMH
/BbTH+2K2Mi Q7 i?2 2MiB`2 +QKKmMBiv #2ir22M i?2 bK2 `2bV- i?2 Hii2` BMpQHpBM;
i?2 KQp2K2Mi Q7 2MiB`2 ?Qmb2?QH/b U"HQM/2H- kyyeVX AM T`iB+mH`- i?2 BM?#BiMib Q7
bQK2 ?KH2ib Q7 *bi`Q G#Q`2B`Q BM LQ`i?2`M SQ`im;H rQmH/ T`+iB+2  b2bQMH@
KB;`iBQM Q7 r?QH2 ?KH2ib #2ir22M i?2 bmKK2` `2bB/2M+2b U6B;X jXRXV- i?2 #`M/b-
M/ i?2 rBMi2` `2bB/2M+2b U6B;X jXRX"V- i?2 BMp2`M2B`b U:2`H/2b- RNNec .QKBM;m2b
 _Q/`B;m2b- kyy3VX aBM+2 i?2 RN9yb- #Qi? i?2 `m`H /2TQTmHiBQM M/ i?2 BKT`Qp2@
K2Mi Q7 HBpBM; +QM/BiBQMb- 2bT2+BHHv BM i?2 rBMi2`- K/2 i?2 b2bQMH KB;`iBQM
H2bb Q7  M2+2bbBiv M/ KQ`2 Q7  i`/BiBQM- r?B+? ?b #22M T`Q;`2bbBp2Hv #M/QM2/
U:2`H/2b- RNNec _Q/`B;m2b- kyRyc pM "2`F2H 2i HX - kyRRVX h?Bb T?2MQK2MQM rb
Hi2` ++2Mimi2/ #v BM+`2bBM; `m`H QmiKB;`iBQM iQr`/b +BiB2b M/ 2KB;`iBQM
iQ Qi?2` +QmMi`B2b U.p2m- kyyjc :`Ï- RNNec S2`2B` 2i HX - kyy8VX h?mb- MQr@
/vb `2bB/2Mib Q7 bQK2 +QKKmMBiB2b ?p2 b2iiH2/ T2`KM2MiHv BM i?2 bmKK2` pBHH;2b
U#`M/bV r?BH2 Qi?2` +QKKmMBiB2b +QMiBMm2 iQ KB;`i2 #2ir22M bmKK2` M/ rBMi2`
pBHH;2b U6B;X jXRX*VX h?2 #M/QMK2Mi Q7 i`/BiBQMH ;`B+mHim`2 M/ i?2 bbQ+Bi2/
T`+iB+2b ?p2 +QMb2[m2M+2b QM i?2 p2;2iiBQM M/ i?2 HM/b+T2 U*2`[m2B` 2i HX -
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6B;m`2 jXRX, "`M/b- AMp2`M2B`b- M/ b2bQMH KB;`iBQM BM LQ`i?2`M SQ`im;HX
X "`M/- Q` bmKK2` pBHH;2- Q7 *m``H /Q :QMÏHQ- BM i?2 *bi`Q G#Q`2B`Q
T`Bb?X "X AMp2`M2B`- Q` rBMi2` pBHH;2- Q7 bbm`2B` BM i?2 *i`Q G#Q`2B`Q
S`Bb?X *X a+?2KiBxiBQM Q7 i?2 #`M/b@BMp2`M2B`b /vMKB+bX P`B;BMHHv- i?2
2MiB`2 TQTmHiBQM KB;`i2/ b2bQMHHv #2ir22M i?2 bmKK2` pBHH;2b U#`M/bV M/
i?2 rBMi2` pBHH;2b UBMp2`M2B`bVX i QM2 TQBMi- bQK2 pBHH;2`b /2+B/2/ iQ b2iiH2
BM i?2 bmKK2` pBHH;2bX h?Bb /B+?QiQKv BM i?2 bQ+BH /vMKB+b BKT+ib #Qi? i?2
;`B+mHim`H M/ 7Q`2bi2/ `2b BM #Qi? ǳxQM2bǴX S?QiQb, GXLp``QX
kyyNV b i?2 #M/QM2/ HM/ Bb T`QM2 iQ Mim`H `2;2M2`iBQM U*`K2` 2i HX - kyy3c
o2`#m`;  Pp2`K`b- kyyNc E22MH2vbB/2  hm+F2`- kyRyVX
AM Q`/2` iQ 2z2+iBp2Hv bim/v i?2 `2+BT`Q+H BM~m2M+2 Q7 2+QHQ;B+H M/ bQ+BH /vMK@
B+b M/ iQ B/2MiB7v 722/#+Fb M/ i?`2b?QH/b- b2p2`H mi?Q`b 2KT?bBx2/ i?2 M22/ iQ
+QmTH2 i?2 Mim`H M/ ?mKM bvbi2Kb BMiQ bQ+BQ@2+QHQ;B+H KQ/2Hb US2i2`bQM- kyyyc
GBm 2i HX - kyydc *`T2Mi2` 2i HX - kyyNc JBHM2 2i HX - kyyNVX >2`2- r2 /2p2HQT2/
 KQ/2H /2b+`B#BM; i?2 /vMKB+b Q7 i?2 2+QHQ;B+H bvbi2Kb UBX2X 7Q`2bibf7`KHM/b
2+Qbvbi2KbV HBMF2/ rBi?  bQ+BH bvbi2K UBX2X b2/2Mi`BxiBQM ;BMbi MQK/BbKV
M/ i?2B` BMi2;`iBQM BM  bQ+BQ@2+QHQ;B+H KQ/2HX h?2b2 KQ/2Hb `2 #b2/ QM i?2
7`KHM/@7Q`2bi bQ+BQ@2+QHQ;B+H KQ/2H /2p2HQT2/ #v 6B;m2B`2/Q  S2`2B` UkyRRVX
aT2+B}+HHv- r2 mb2 i?Bb KQ/2H rBi? i?2 +b2 Q7 b2bQMH KB;`iBQMb UBX2X MmK#2`
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H KQ/2H Q7 b2/2Mi`BxiBQM
Q7 BM/BpB/mHb rBi?  KB;`iQ`v M/  b2/2Mi`v HB72bivH2 M/ i?2 i`MbBiBQMb #2@
ir22M #Qi?V M/ TTHv Bi iQ i?2 +b2 Q7 KB;`iBQMb #2ir22M #`M/b M/ BMp2`M2B`b
Q#b2`p2/ BM bQK2 HQ+iBQMb Q7 LQ`i?2`M SQ`im;HX h?2 BK Q7 i?Bb KQ/2H Bb }`biHv
iQ B/2MiB7v i?2 bQ+BH i?`2b?QH/b /`BpBM; 2Bi?2` i?2 #M/QMK2Mi Q` i?2 `2bmKTiBQM
Q7 b2bQMH KB;`iBQMb- M/ b2+QM/Hv iQ mM/2`biM/ i?2 `2HiBQMb?BT #2ir22M i?Qb2
bQ+BH Tii2`Mb M/ i?2 7Q`2bi /vMKB+bX
jXkX 1+QHQ;B+H KQ/2H
6`KHM/@7Q`2bi /vMKB+b /2T2M/ QM #Qi? 7Q`2bi ;`Qri? M/ /27Q`2biiBQM `i2
U6B;m2B`2/Q  S2`2B`- kyRRVX 6Q`2bi `2b ;`Qr HQ;BbiB+HHv rBi? ε #2BM; i?2 7Q`2bi
`i2 Q7 BM+`2b2 M/ h i?2 +``vBM; +T+Biv Q7 i?2 bvbi2K U+Q``2bTQM/BM; iQ i?2
KtBKmK 7Q`2bi `2VX .27Q`2biiBQM UQ` +QMp2`b2Hv- i?2 `i2 Q7 BM+`2b2 Q7 i?2 7`K@
HM/ `2V- rBHH /2T2M/ QM i?2 MmK#2` Q7 `2bB/2Mib- _- M/ i?2B` #BHBiv iQ +QM[m2`
HM/ 7`QK i?2 7Q`2bi i?`Qm;? HQ;;BM;- λ Ui?2 /27Q`2biiBQM #BHBiv T2` `2bB/2MiVX q2
bbmK2 i?i i?2 iQiH /27Q`2biiBQM `i2 T2` `2bB/2Mi Bb T`QTQ`iBQMH iQ i?2 KQmMi
Q7 7Q`2bi H27i, b 7Q`2bi /2+HBM2b- i?2 `2KMMi Ti+?2b rBHH #2 KQ`2 /B{+mHi iQ ++2bb
M/ ?`p2biX h?2 bii2 p`B#H2b Q7 i?2 7Q`2bi@7`KHM/ bvbi2K `2 i?2 7Q`2bi 6- M/









h?Bb 7Q`2bi@7`KHM/ bvbi2K ?b irQ 2[mBHB#`B,
Fˆ = 0 M/ Fˆ = Tε (ε−Rλ)X
"b2/ QM i?2 bi#BHBiv MHvbBb Ub22 6B;m2B`2/Q  S2`2B`- kyRRV- B7 Rλ > ε- i?2
2[mBHB#`BmK Fˆ = 0 Bb bi#H2- i?i Bb- r?2M i?2 /27Q`2biiBQM `i2 2t+22/b i?2 7Q`2bi
`i2 Q7 BM+`2b2 i?2 7Q`2bi i2M/b iQ /BbTT2`X A7 ε > Rλ- Fˆ = Tε (ε−Rλ) Bb i?2 bi#H2
2[mBHB#`BmK- i?i Bb- r?2M i?2 7Q`2bi `i2 Q7 BM+`2b2 2t+22/b i?2 /27Q`2biiBQM `i2-
i?2 7Q`2bi `2 rBHH UBV BM+`2b2 rBi? i?2 7Q`2bi `i2 Q7 BM+`2b2- ε- UBBV /2+`2b2 HBM2`Hv
rBi? i?2 `2bB/2MibǶ /27Q`2biiBQM #BHBiv- λ- UBBBV BM+`2b2 HBM2`Hv rBi? i?2 /2+`2b2
Q7 MmK#2` Q7 `2bB/2Mib mMiBH /QKBMiBM; i?2 HM/b+T2 r?2M ?mKMb +QKTH2i2Hv
#M/QM i?2 `2 Ur?2M _ 4 y- Fˆ = T VX
9e
jXj aQ+BH KQ/2H
6Q`2bi /vMKB+ TTHB2/ iQ i?2 b2/2Mi`BxiBQM +QMi2ti
h?2 TQTmHiBQM mbBM; i?2 BMp2`M2B`b +Q``2bTQM/b iQ i?2 7`+iBQM Q7 i?2 TQTmH@
iBQM T2`7Q`KBM; b2bQMH KB;`iBQM- i?2 ǳb2bQMH MQK/Ǵ BM/BpB/mHb U?2`27i2`
MQK/bV- L- r?BH2 i?2 TQTmHiBQM BM i?2 #`M/b Bb +QKTQb2/ Q7 #Qi? MQK/b M/
b2/2Mi`v `2bB/2Mib- aX >2M+2- i?2 /vMKB+b Q7 i?2 7Q`2bi@7`KHM/ bvbi2Kb- BM i?2
















− (λbSS + λbNN)Fb UjXjV
h?2 bm#b+`BTib # M/ B biM/ 7Q` #`M/b M/ BMp2`M2B`b- `2bT2+iBp2Hv U7Q`  /2b+`BT@
iBp2 HBbi Q7 i?2 T`K2i2`b- b22 TT2M/Bt .VX h?2 2[mBHB#`BmK M/ bi#BHBiv MHvbBb
Q7 i?2 7Q`2bi KQ/2H TTHB2/ iQ i?2 b2/2Mi`BxiBQM +QMi2ti Bb i?2 bK2 b BM i?2
;2M2`H 7`K2rQ`F T`2b2Mi2/ BM i?2 T`2pBQmb b2+iBQMX AM T`iB+mH`- i?2 /vMKB+ 7Q`
i?2 7Q`2bi BM i?2 BMp2`M2B`b Bb i 2[mBHB#`BmK r?2M Fi = 0 Q` Fi = Tiεi−RTiλi+STiλiεi X






h?2 bQ+BH KQ/2H /2b+`B#2b i?2 /vMKB+b Q7 i?2 b2/2Mi`v BM/BpB/mHb- a M/ i?2
MmK#2` Q7 MQK/ BM/BpB/mHb- L- rBi?BM  `2bB/2Mi TQTmHiBQM Q7 +QMbiMi bBx2- _X
>2`2- r2 QMHv /2b+`B#2 i?2 /vMKB+b Q7 i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb- a- bBM+2
S +N = RX
h?2 /2+BbBQM iQ b2iiH2 +M #2 b22M b  +QHH2+iBp2 #2?pBQ`- r?B+? +M #2 /2b+`B#2/
rBi? i?`2b?QH/ KQ/2Hb U:`MQp2ii2`- RNd3V, BM/BpB/mHb `2 Qz2`2/ irQ Hi2`MiBp2b-
i?2 i?`2b?QH/ 7Q` /2+BbBQM /2T2M/b QM i?2 MmK#2` Q7 BM/BpB/mHb i?i H`2/v +?Qb2 
;Bp2M Hi2`MiBp2- M/ +Q``2bTQM/b iQ  TQBMi r?2`2 i?2 M2i #2M2}ib Q7 i?i /2+BbBQM
9d
*?Ti2` j  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM
2t+22/ i?2 +Qbib 7Q` i?i BM/BpB/mHX *QHH2+iBp2 #2?pBQ`b `2 +QKKQMHv mb2/ iQ
/2b+`B#2 M/ KQ/2H ?mKM +iBQMb bm+? b T`iB+BTiBQM iQ `BQib- iQ bi`BF2b M/ iQ
TQHBiB+H `2pQHmiBQMb U2X;X Em`M- RN3NVc pQiBM; Tii2`Mb- i?2 /BzmbBQM Q7 `mKQ`b-
Q7 BMMQpiBQMb M/ Q7 M2r i2+?MQHQ;B2b U2X;X hQQH2 2i HX - kyRkVX JQ`2Qp2`- bQ+BH
2tT2`BK2Mib +M /2KQMbi`i2 i?2 i2M/2M+v Q7 ?mKMb iQ MQ`KHBx2 i?2B` #2?pBQ`
rBi?BM i?2B` ;`QmT U2X;X :QH/bi2BM 2i HX - kyy3c a+?mHix 2i HX - kyydVX
b  `2bmHi- r2 +M 2tT2+i i?i i Mv iBK2 bi2T- i?2 T`Q##BHBiv iQ #2+QK2 b2/2Mi`v
rBHH /2T2M/ QM i?2 T`QTQ`iBQM Q7 b2/2Mi`v `2bB/2Mib BM i?2 TQTmHiBQMX LQi2 i?i
i?2 722HBM; Q7 #2BM; 2M;;2/ rBi? i?2 `2bi Q7 i?2 +QKKmMBiv Bb KQ`2 HBF2Hv iQ #2
/2T2M/2Mi QM i?2 `2HiBp2 T`QTQ`iBQM Q7 M2B;?#Q`b rBi?  bBKBH` #2?pBQ` i?M QM
i?2 #bQHmi2 MmK#2` Q7 M2B;?#Q`b U2X;X i2M BM/BpB/mHb #2+QKBM; b2/2Mi`v BM 
p2`v bKHH +QKKmMBiv ?p2  Km+? ;`2i2` BKT+i i?M BM  p2`v H`;2 +QKKmMBivVX









r?2`2 f Bb  7mM+iBQM /2b+`B#BM; i?2 `i2 Q7 b2/2Mi`BxiBQM #b2/ QM i?2 T`QTQ`@
iBQM Q7 i?2 TQTmHiBQM i?i H`2/v /2+B/2/ iQ biQT b2bQMH KB;`iBQMX h?Bb bQ+BH
T`Q+2bb 7QHHQrb i?2 bK2 HQ;B+ b i?2 T`Q+2bb Q7 KB;`iBQM #2ir22M `m`H M/ m`#M
bvbi2Kb /2b+`B#2/ #v 6B;m2B`2/Q  S2`2B` UkyRRVX h?mb- 2+? BM/BpB/mH 7`QK i?2
TQTmHiBQM +?QQb2b #2ir22M  MQK/B+ Q`  b2/2Mi`v HB72bivH2 M/ i?2 /2+BbBQM Bb
#b2/ QM  T2`bQMH i?`2b?QH/, B7 i?2 T`QTQ`iBQM Q7 M2B;?#Q`b i?i ?p2 H`2/v
#2+QK2 b2/2Mi`v Bb ?B;?2` i?M i?i i?`2b?QH/- i?2 BM/BpB/mH HbQ #2+QK2b b2/2M@
i`vX h?2 KQ/2H bbmK2b i?i i?2 /Bbi`B#miBQM Q7 T2`bQMH i?`2b?QH/b ?b  HQ;BbiB+
/Bbi`B#miBQMX h?2`27Q`2 i?2 +mKmHiBp2 /Bbi`B#miBQM 7mM+iBQM Q7 i?2 HQ;BbiB+ /Bbi`B@
#miBQM- CDF ( SR)- ;Bp2b i?2 +mKmHiBp2 T`QTQ`iBQM Q7 BM/BpB/mHb Q7 i?2 TQTmHiBQM















r?2`2 µ UHQ+iBQM T`K2i2`V Bb i?2 K2M i?`2b?QH/ BM i?2 TQTmHiBQM M/ δ Bb
 b+H2 T`K2i2` Uδ > 0V r?B+? `2T`2b2Mib i?2 bi`2M;i? Q7 T2`bQMH +QMM2+iBQMb
UbQ+BH #QM/BM;V BM i?2 TQTmHiBQMX  bKHH2` δ `2T`2b2Mib  TQTmHiBQM r?2`2
BM/BpB/mHb ?p2 bBKBH` i?`2b?QH/b UBX2X rBi?  bKHH p`BM+2 BM µV- M/ i?2`27Q`2-
 ;`2i2` bvM+?`QMBbK Q7 b2iiH2K2Mi U:`MQp2ii2`- RNd3VX AM i?Bb +b2 i?2 pHm2 Q7
i?2 +mKmHiBp2 /Bbi`B#miBQM 7mM+iBQM `TB/Hv `2+?2b  KtBKmK U6B;X jXkXVX h?Bb
K2Mb i?i rBi? ?B;? bQ+BH #QM/BM; UHQr δV- B7 i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb
BM+`2b2b- i?2 T`Q##BHBiv i?i BM/BpB/mHb `2+? i?2B` i?`2b?QH/ BM+`2b2b b r2HH- M/
`TB/HvX AM i?2 +b2 Q7  TQTmHiBQM rBi? HQr bQ+BH #QM/BM;- i?Bb T?2MQK2M Bb Km+?
KQ`2 ;`/mH M/ BM bQK2 +b2b Uµ > 0.5V i?2 T`Q##BHBiv i?i BM/BpB/mHb `2+? i?2B`
i?`2b?QH/ Bb M2p2` KtBKH- 2p2M B7 HH M2B;?#Q`b #2+QK2 b2/2Mi`v U6B;X jXkX"VX
h?2 +?M;2 BM i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb T2` mMBi iBK2 Bb ;Bp2M #v i?2
T`Q##BHBiv iQ iF2  /2+BbBQM iQ b2iiH2 T2` mMBi iBK2 UωV KmHiBTHB2/ #v i?2 +mKmHiBp2
T`QTQ`iBQM Q7 BM/BpB/mHb 7`QK i?2 TQTmHiBQM i?i ?p2  i?`2b?QH/ H2bb i?M Q` 2[mH




)- KBMmb i?2 T`QTQ`iBQM Q7 BM/BpB/mHb 7`QK i?2 TQTmHiBQM i?i ?p2






















h?2 2[mBHB#`BmK Q7 i?Bb 2[miBQM +MMQi #2 i?2Q`2iB+HHv /2i2`KBM2/- M/ ?b iQ #2
2biBKi2/ MmK2`B+HHv Ub22 6B;m2B`2/Q  S2`2B`- kyRR 7Q` /2iBHb Q7 i?2 2[mBHB#`BmK
MHvbBbVX q?2M K2K#2`b Q7 i?2 `2bB/2Mi TQTmHiBQM ?p2 /BbbBKBH` i?`2b?QH/b
UH`;2 pHm2b Q7 δV- i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb BM 2[mBHB#`BmK- Sˆ- /2+`2b2b
rBi? BM+`2bBM; BM/BpB/mH i?`2b?QH/ µX q?2M BM/BpB/mHb ?p2 bBKBH` i?`2b?QH/b
UbKHH pHm2b Q7 δV- i?2 bQ+BH bvbi2K ?b b2p2`H 2[mBHB#`BX q?2M µ Bb bKHH- i?2`2 Bb
QM2 bi#H2 2[mBHB#`BmK- Sˆ = R- K2MBM; i?i ;Bp2M  HQr i?`2b?QH/ BM i?2 TQTmHiBQM-
BM/BpB/mHb rBHH b2iiH2X q?2M µ Bb ?B;?- i?2`2 Bb QM2 bi#H2 2[mBHB#`BmK- Sˆ = 0-
K2MBM; i?i i?2 2MiB`2 TQTmHiBQM T`+iB+2b b2bQMH KB;`iBQMX q?2M µ ?b M
BMi2`K2/Bi2 pHm2- i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb BM 2[mBHB#`BmK rBHH /2T2M/
QM i?2 BMBiBH MmK#2` Q7 b2/2Mi`v BM/BpB/mHb, B7 S < R2 - i?2 MmK#2` Q7 b2/2Mi`v
BM/BpB/mHb i 2[mBHB#`BmK rBHH #2 +HQb2 iQ Sˆ = 0c B7 S > R2 - i?2 MmK#2` Q7 b2/2Mi`v
9N
*?Ti2` j  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM
6B;m`2 jXkX, *mKmHiBp2 /Bbi`B#miBQM 7mM+iBQM Q7 i?2 HQ;BbiB+ /Bbi`B#miBQM TTHB2/
iQ i?2 bQ+BH /vMKB+ Q7 i?2 KQ/2HX h?2 +mKmHiBp2 /Bbi`B#miBQM 7mM+iBQM Bb +H@
+mHi2/ b  7mM+iBQM Q7 µ- i?2 BM/BpB/mH i?`2b?QH/- a i?2 MmK#2` Q7 b2/2Mi`v
BM/BpB/mHb BM i?2 TQTmHiBQM- M/ δ- `2T`2b2MiBM; i?2 bQ+BH #QM/BM;X Ai `2T`2b2Mib
i?2 T`QTQ`iBQM Q7 i?2 TQTmHiBQM _ i?i ?b  i?`2b?QH/ BM72`BQ` Q` 2[mH iQ i?2
TQTmHiBQM i?i H`2/v /2+B/2/ iQ b2/2Mi`Bx2- SR X
8y
jXj aQ+BH KQ/2H
BM/BpB/mHb i 2[mBHB#`BmK rBHH #2 +HQb2 iQ Sˆ = RX AM i?2 +b2 Q7  TQTmHiBQM rBi? 
?B;? bQ+BH #QM/BM; UBX2X  bKHH δV- i?2 /vMKB+b b?Qrb  +b2 Q7 ?vbi2`2bBb- r?2`2
 `2im`M iQ i?2 BMBiBH +QM/BiBQMb +MMQi bBKTHv #2 +?B2p2/ #v `2biQ`BM; i?2 pHm2b
Q7 i?2 T`K2i2`b iQ i?2B` Q`B;BMH bii2 U6B;m2B`2/Q  S2`2B`- kyRRVX
6`KHM/ miBHBiB2b M/ i?2 T`Q+2bb Q7 b2/2Mi`BxiBQM
aBM+2 µ `2T`2b2Mib i?2 i?`2b?QH/ i`B;;2`BM; i?2 /2+BbBQM iQ +?M;2 QM2Ƕb HB72bivH2
BM i?2 TQTmHiBQM- Bi rBHH /2T2M/ QM i?2 `2bT2+iBp2 miBHBiB2b Q7 #Qi? i?2 b2/2Mi`v
M/ MQK/B+ rvb Q7 HB72X h?2 KQ/2H +QMbB/2`b i?i T2QTH2 `2 KQ`2 HBF2Hv iQ biQT
b2bQMH KB;`iBQM QM+2 i?2 miBHBiv Q7 i?2 ǳKB;`Mi HB72bivH2Ǵ #2+QK2b HQr2` i?M
i?2 miBHBiv Q7 i?2 ǳb2/2Mi`v HB72bivH2ǴX q2 +QMbB/2` i?i i?2 7`KHM/ miBHBiv Bb
/2i2`KBM2/ #v i?2 ;`B+mHim`H +iBpBiv- Axhx- r?2`2 Ax `2T`2b2Mib i?2 7`KHM/
`2 Q7 ivT2 t M/ hx i?2 miBHBiv Q#iBM2/ T2` mMBi Q7 ;`B+mHim`H `2 Q7 ivT2 tX
h?2 miBHBiv Q7 i?2 ǳMQK/B+Ǵ HB72 bivH2- UN - Bb ;Bp2M #v i?2 miBHBiv Q7 i?2 rBMi2`
7`Kb- THmb i?2 miBHBiv Q7 i?2 bmKK2` 7`Kb- iQ r?B+? r2 Kmbi // miBHBiB2b 7`QK
Qi?2` bQm`+2b- σX h?2`2 Bb HbQ  ǳ+Qbi Q7 b2bQMH KB;`iBQMǴ- +- bbQ+Bi2/ iQ i?2
KQp2K2Mi Q7 MBKHb M/ T2QTH2 7`QK i?2 bmKK2` iQ i?2 rBMi2` pBHH;2b- M/ r?B+?
/2+`2b2b i?2 miBHBiv /2`Bp2/ 7`QK i?2 bmKK2` 7`KbX >2M+2-
UN =
Aihi




h?2 miBHBiv Q7  b2/2Mi`v HB72bivH2 Bb ;Bp2M #v i?2 miBHBiv Q7 mbBM; i?2 bmKK2` `2bB@





1+? BM/BpB/mH rBHH /2+B/2 iQ b2iiH2 B7 i?2 T`QTQ`iBQM Q7 b2/2Mi`v BM/BpB/mHb 2[mHb
Q` 2t+22/b Bib T2`bQMH i?`2b?QH/X aBM+2 µ `2T`2b2Mib i?2 T`QTQ`iBQM Q7 b2/2Mi`v
`2bB/2Mib- Bi +M QMHv iF2 pHm2b #2ir22M y M/ RX q2 bbmK2 i?i i?2 i?`2b?@
8R
*?Ti2` j  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM
QH/ 2[mHb ?H7 Q7 i?2 TQTmHiBQM ?pBM; H`2/v b2iiH2/ r?2M i?2 miBHBiB2b Q7 #Qi?




























h?2 /vMKB+ Q7 b2/2Mi`BxiBQM Bb i?2M /2i2`KBM2/ #v i?2 BMi2`+iBQM #2ir22M i?2
bQ+BH #QM/BM; M/ i?2 #HM+2 Q7 i?2 miBHBiB2b Q7 i?2 MQK/B+ M/ b2/2Mi`v HB72bivH2bX
.2+`2bBM; i?2 miBHBiv Q7 i?2 b2/2Mi`v HB72bivH2 BM  TQTmHiBQM rBi? ?B;? bQ+BH #QM/@
BM; +mb2b  b?`T /2+HBM2 BM i?2 b2/2Mi`v TQTmHiBQM U6B;X jXjXVX h?2 b2/2Mi`v
TQTmHiBQM rBHH ?`/Hv `2+Qp2`- 2p2M B7 i?2 miBHBiv Q7 i?2 b2/2Mi`v HB72bivH2 Bb BM@
+`2b2/ iQ  H2p2H 2[mBpH2Mi iQ i?2 miBHBiv Q7 i?2 MQK/B+ HB72bivH2X h?2 bK2 2p2Mib
BM  TQTmHiBQM rBi? HQr bQ+BH #QM/BM; `2 H2bb T`QMQmM+2/X h?Bb /Bz2`2M+2 #2@
ir22M HQr M/ ?B;? bQ+BH #QM/BM; Bb HbQ Q#b2`p2/ r?2M HQQFBM; BMiQ i?2 `2bTQMb2
Q7 i?2 b2/2Mi`v TQTmHiBQM iQ  p`BiBQM BM i?2 +Qbi Q7 i?2 b2bQMH KB;`iBQM
U6B;X jXjX"VX 1p2M rBi? MQ +Qbi 7Q` MQK/BbK- bQK2 b2/2Mi`v BM/BpB/mHb rBHH T@
T2` BM  TQTmHiBQM rBi? HQr bQ+BH #QM/BM; r?2`2b- rBi?  iB;?i bQ+BH 7`K2- i?2
+Qbi Q7 MQK/BbK Kmbi #2 +HQb2 iQ KtBKmK 7Q` b2/2Mi`v BM/BpB/mHb iQ TT2` BM
 TQTmHiBQMX
jX9X aQ+BQ@2+QHQ;B+H KQ/2H
h?2 2[miBQMb Q7 i?2 bQ+BQ@2+QHQ;B+H Ua1aV KQ/2H 7Q` i?2 7`KHM/@7Q`2bi 2+Qbvbi2K
`2bmHi 7`QK i?2 +QK#BMiBQM Q7 i?2 2[miBQMb Q7 i?2 2+QHQ;B+H M/ bQ+BH KQ/2Hb
U1[XjXk- jXj- jXRyVX AM i?2 a1a KQ/2H i?2 MmK#2` Q7 MQK/ BM/BpB/mHb- L- M/
8k
jX9 aQ+BQ@2+QHQ;B+H KQ/2H
6B;m`2 jXjX, .vMKB+ Q7 i?2 b2/2Mi`v TQTmHiBQMX X a2/2Mi`v TQTmHiBQM rBi?
p`vBM; pHm2b Q7 i?2 miBHBiv Q7 i?2 7`KHM/ `2 BM i?2 #`M/b Qp2` iBK2 Uhb 4
j- R M/ k ?@R `2bT2+iBp2Hv 7Q` i I R8 v2`b- R8 I i I jy v2`b M/ i = jy v2`bV
BM TQTmHiBQMb rBi? #Qi?  ?B;? M/  HQr bQ+BH #QM/BM; Uδ = 0.1 Q` δ = 0.5VX "X
a2/2Mi`v TQTmHiBQM rBi? p`vBM; pHm2b Q7 i?2 +Qbi Q7 b2bQMH KB;`iBQM Qp2`
iBK2 U+ 4 y- yX8 M/ R `2bT2+iBp2Hv 7Q` i I R8 v2`b- R8 I i I jy v2`b M/ i =
jy v2`bV BM TQTmHiBQMb rBi? #Qi?  ?B;? M/  HQr bQ+BH #QM/BM; Uδ = 0.1 Q`
δ = 0.5VX 6Q` #Qi? V M/ #V Ai4 ky?- Ab 4 d8 ?- _ 4 Ryy BM/BpB/mHb- aUyV 4
NN BM/BpB/mHb- hi 4 k ?@R- σ = 1- + 4 yXN- ω = 1 BM/@Rv2`b@RX
i?2 7`KHM/ `2b- Ai M/ Ab- `2 MQ HQM;2` T`K2i2`b- #mi bii2 p`B#H2bX h?2
MmK#2` Q7 MQK/ BM/BpB/mHb L mbBM; i?2 BMp2`M2B`b Bb 2tT`2bb2/ b  7mM+iBQM Q7
i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb BM i?2 TQTmHiBQM- R− SX h?2 7`KHM/ `2b-
Ai M/ Ab- `2 `2T`2b2Mi2/ #v i?2 TQ`iBQM Q7 i?2 iQiH `2 MQi Q++mTB2/ #v 7Q`2bi
BM 2+? HQ+iBQM M/ `2 ;Bp2M #v (Ti − Fi) M/ (Tb − Fb)- `2bT2+iBp2HvX h?2`27Q`2-
















− (λbSS + λbN (R− S))Fb UjXRkV
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h?2 7Q`2bi2/ `2 BM i?2 #`M/b- Fb- M/ BM i?2 BMp2`M2B`b- Fi- HQM; rBi? i?2
MmK#2` Q7 b2/2Mi`v BM/BpB/mHb- a- Kv MQr p`v Qp2` iBK2- z2+iBM; i?2 /vMKB+
Q7 i?2 bQ+BH M/ i?2 2+QHQ;B+H bvbi2Kb #v `2+BT`Q+HHv BM~m2M+BM; 2+? Qi?2`X
1[mBHB#`BmK M/ bi#BHBiv MHvbBb
b i?2 2[mBHB#`B 7Q` i?2b2 2[miBQMb +MMQi #2 +H+mHi2/ MHviB+HHv- MmK2`B+H
2tKTH2b r2`2 mb2/ iQ +?`+i2`Bx2 i?2 2z2+i Q7 i?2 KQ/2HǶb T`K2i2`bX q2 THQii2/
i?2 x2`Q BbQ+HBM2b Q7 i?2 bQ+BQ@2+QHQ;B+H KQ/2H Ub22 6B;X jX9 7Q` M 2tKTH2VX h?2
TQBMib Q7 BMi2`b2+iBQM Q7 i?2 BbQ+HBM2b Q7 i?2 i?`22 KQ/2Hb `2 i?2 2[mBHB#`B Q7 bQ+BQ@
2+QHQ;B+H KQ/2H Uh#X jXR M/ h#X jXkVX h?2 bmK Q7 i?2 p2+iQ`b Q7 +?M;2 Q7 i?2
KQ/2Hb BM/B+i2b r?2i?2` i?2 2[mBHB#`BmK Bb bi#H2 Q` mMbi#H2, B7 i?2 p2+iQ`b TQBMi iQ
i?2 BMi2`b2+iBQM- i?2 2[mBHB#`BmK rBHH #2 bi#H2c B7 i?2v TQBMi BM QTTQbBi2 /B`2+iBQMb-
i?2 2[mBHB#`BmK rBHH #2 mMbi#H2X h?2 bi#BHBiv Q7 i?2 2[mBHB#`B rb HbQ +QM}`K2/
#v HQQFBM; i i?2 2B;2MpHm2b Q7 i?2 C+Q#BM Ki`Bt Q7 i?2 bvbi2K i 2[mBHB#`BX
q2 ?p2 MmK2`B+HHv 2tKBM2/ irQ pHm2b Q7 bQ+BH #QM/BM;- ?B;? Uδ = 0.1 BM
h#X jXRV M/ HQr Uδ = 0.5 BM h#X jXkV- irQ pHm2b Q7 7Q`2bi ;`Qri? `i2- HQr Uε = 0.1V
M/ ?B;? Uε = 4V- M/ irQ pHm2b Q7 i?2 miBHBiv Q7 i?2 7`KHM/ BM #`M/b- HQr
Uhb = 1V M/ ?B;? Uhb = 3VX AM i?2 +b2 Q7  TQTmHiBQM rBi? ?B;? bQ+BH #QM/BM;-
HQr 7Q`2bi ;`Qri? M/ HQr miBHBiv BM i?2 #`M/b Uh#X jXRV- QM2 bi#H2 2[mBHB#`BmK
Q++m`b r?2M HH i?2 p`B#H2b ?p2 pHm2b +HQb2 iQ y UFˆi ≈ 0- Fˆb ≈ 0- M/ S ≈ 0V- BX2X
r?2M HH `2 MQK/b M/ mb2 HH i?2 `2 BM #Qi? #`M/b M/ BMp2`M2B`b 7Q` ;`B@




- M/ BM i?2 BMp2`M2B`b- Fˆi = Tiεi−RTiλi+STiλiεi X
A7 i?2 miBHBiv BM i?2 #`M/b Bb ?B;?-  b2+QM/ bi#H2 2[mBHB#`BmK Q++m`b 7Q` HQr 7Q`2bi










































6B;m`2 jX9X, 1tKTH2b Q7 j. M/ k. THQib Q7 i?2 T?b2 TQ`i`Bib Q7 i?2 bQ+BQ@
2+QHQ;B+H /vMKB+X
X M/ "X aQ+BQ@2+QHQ;B+H bvbi2K BM i?2 +b2 Q7 ?B;? bQ+BH #QM/BM; Uδ = 0.1V-
?B;? 7Q`2bi ;`Qri? Uεi = εb = 4V M/ HQr2` miBHBiv BM i?2 #`M/b Uhb = 1 ?@RVX
"X Bb i?2 T?b2 TQ`i`Bi Q7 i?2 KQ/2H 7Q` Sˆ ≈ 0X
*X M/ .X aQ+BQ@2+QHQ;B+H bvbi2K BM i?2 +b2 Q7 ?B;? HQr bQ+BH #QM/BM; Uδ = 0.5V-
?B;? 7Q`2bi ;`Qri? Uεi = εb = 4V M/ ?B;?2` miBHBiv BM i?2 #`M/b Uhb = 3 ?@RVX
.X Bb i?2 T?b2 TQ`i`Bi Q7 i?2 KQ/2H 7Q` Fˆb ≈ 44X
6Q` HH THQib, ω = 1 BM/@R v2`b@R- Ti = 100 ?- Tb = 100 ?- _ 4 Ryy BM/X- hi = 2
?@R- σ = 1- c = 0.9- λi = λbN = 0.02 M/ λbS = 0.03X  #H+F /Qi `2T`2b2Mib 
bi#H2 2[mBHB#`B-  r?Bi2 /Qi M mMbi#H2 QM2X
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Fˆb ≈ 0 and Sˆ ≈ 0 and Fˆi ≈ 0
Fˆb ≈ 50 and Sˆ ≈ 0 and Fˆi ≈ 50
Fˆb ≈ 0 and and 
Fˆb ≈ 0 and and 







h#H2 jXRX, ai#H2 2[mBHB#`B rBi? ?B;? bQ+BH #QM/BM; Uδ = 0.1V- p`vBM; pHm2b Q7
i?2 7Q`2bi ;`Qri? BM #Qi? #`M/b M/ BMp2`M2B`b UHQr εi = εb = 0.1- M/ ?B;?
εi = εb = 4V M/ Q7 i?2 miBHBiv Q7 i?2 HM/ BM i?2 #`M/b- UHQr2` miBHBiv hb = 1
?@RM/ ?B;?2` miBHBiv hb = 3 ?@RV rBi? ω = 1 BM/@R v2`b@R- Ti = 100 ?- Tb = 100







Fˆb ≈ 0 and and 
Fˆb ≈ 48 and and 
Fˆb ≈ 0 and and 




Fˆi ≈ 62Sˆ ≈ 7
Sˆ ≈ 4 Sˆ ≈18
Sˆ ≈ 24
h#H2 jXkX, ai#H2 2[mBHB#`B rBi? HQr #QM/BM; Uδ = 0.5V- p`vBM; pHm2b Q7 i?2 7Q`2bi
;`Qri? BM #Qi? #`M/b M/ BMp2`M2B`b UHQr εi = εb = 0.1- M/ ?B;? εi = εb = 4V
M/ Q7 i?2 miBHBiv Q7 i?2 HM/ BM i?2 #`M/b- UHQr2` miBHBiv hb = 1 ?@R M/ ?B;?2`
miBHBiv hb = 3 ?@RV rBi? ω = 1 BM/@R v2`b@R- Ti = 100 ?- Tb = 100 ?- _ 4 Ryy
BM/X- hi = 2 ?@R- σ = 1- c = 0.9- λi = λbN = 0.02 M/ λbS = 0.03X
`2KBMBM; BM i?2 BMp2`M2B`b UFˆi ≈ 100VX AM i?2 +b2 Q7  TQTmHiBQM rBi? HQr bQ+BH
#QM/BM; Uh#X jXkV-  TQTmHiBQM Q7 b2/2Mi`v BMpB/mHb Bb T`2b2Mi 7Q` 2+? bi#H2
2[mBHB#`BmK- i?Qm;? BM HQr MmK#2`b USˆ < 25VX A7 i?2 7Q`2bi ;`Qri? Bb HQr- i?2`2 Bb MQ
7Q`2bi H27i BM i?2 bvbi2K i 2[mHB#`BmK- r?2`2b rBi?  ?B;? 7Q`2bi ;`Qri?- 7Q`2bi2/
`2 `2KBMb BM #Qi? #`M/b M/ BMp2`M2B`b i 2[mBHB#`BmKX
1tKBMBM; i?2 #2?pBQ` Q7 i?2 bQ+BQ@2+QHQ;B+H KQ/2Hb 7Q`  `M;2 Q7 T`K2i2`b
r2 }M/ i?i HQr2`BM; i?2 bQ+BH #QM/BM; bi`QM;Hv /2+`2b2b i?2 HBF2HB?QQ/ Q7 ?p@
BM;  TQTmHiBQM +QKTQb2/ QMHv Q7 b2/2Mi`v BM/BpB/mHb M/ i?2`27Q`2  +QKTH2i2




h?2 BMi2`+iBQMb #2ir22M i?2 /Bz2`2Mi 2H2K2Mib Q7 bQ+BQ@2+QHQ;B+H KQ/2Hb `2 MQi
HBM2` M/ `2 ;Qp2`M2/ #v i?2 bvbi2KǶb i?`2b?QH/b UGBm 2i HX - kyydVX h?2 bii2b
Q7 i?2 2+QHQ;B+H M/ bQ+BH `2;BK2b rBHH b?B7i- 2Bi?2` bm//2MHv Q` ;`/mHHv- M/
BM~m2M+2 2+? Qi?2` QM+2 i?Qb2 i?`2b?QH/b `2 +`Qbb2/ UqHF2`  J2v2`b- kyy9c
EBMxB; 2i HX - kyyec *`T2Mi2` 2i HX - kyyNVX
q?2M HQQFBM; BMiQ i?2 /vMKB+ Q7 i?2 bQ+BH bvbi2K QMHv- rBi?  biiB+ 7Q`2bi2/ `2-
 b2/2Mi`v TQTmHiBQM Bb 2bi#HBb?2/ r?2M i?2 miBHBiv BM i?2 #`M/b- hb Bb ?B;?2`
i?M i?2 miBHBiv BM i?2 BMp2`M2B`b- hi- i H2bi r?2M i?2 bQ+BH #QM/BM; Bb bi`QM;X AM
 b+2M`BQ r?2`2 i?2 miBHBiv BM i?2 #`M/b i?2M /2+`2b2b ;`/mHHv i?`Qm;? iBK2-
i?Bb b2/2Mi`v TQTmHiBQM rBHH /`QT +QKTH2i2Hv M/ HH i?2 TQTmHiBQM Bb bbmK2/ iQ
`2bmK2  #2?pBQ` Q7 b2bQMH KB;`iBQM U6B;X jX8XVX
h?2 bK2 b+2M`BQ `M rBi? i?2 bQ+BQ@2+QHQ;B+H KQ/2H b?Qrb  /Bz2`2Mi `2bTQMb2 Q7
i?2 b2/2Mi`v TQTmHiBQMX aT2+B}+HHv- QM+2 Bi ?b `2+?2/  KtBKmK- r?2i?2` i?2
miBHBiv BM i?2 #`M/b /2+`2b2b Q` MQi- HH i?2 `2bB/2Mib `2KBM b2/2Mi`v U6B;X jX8X"VX
b  `2bmHi- i?2 7Q`2bi `2 HbQ BM+`2b2b iQ  KtBKmK BM i?2 BMp2`M2B`b- r?B+?
`2 H27i iQ 7Q`2bi `2;2M2`iBQM 7i2` i?2 #M/QMK2Mi Q7 b2bQMH KB;`iBQMX aBKmH@
iM2QmbHv- HH i?2 `2 BM i?2 #`M/b Bb /2pQi2/ iQ ;`B+mHim`2- H2pBM; MQ `QQK
iQ i?2 7Q`2biX AM i?Bb T`iB+mH` +b2- i?2 bQ+BQ@2+QHQ;B+H KQ/2H b?Qrb  +b2 Q7
B``2p2`bB#BHBiv Q7 i?2 bvbi2K i?i Bb MQi Q#b2`p2/ r?2M QMHv i?2 bQ+BH /vMKB+b `2
2tKBM2/X
jXeX .Bb+mbbBQM
h?Bb bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM BHHmbi`i2b i?2 TQbbB#H2 i`MbBiBQM 7`QK
 TQTmHiBQM T2`7Q`KBM; b2bQMH KB;`iBQM iQ  b2/2Mi`v `m`H TQTmHiBQMX q2
TTHB2/ Bi iQ i?2 +b2 Q7 i?2 #`M/bfBMp2`M2B`b bvbi2K 7QmM/ BM *bi`Q G#Q`2B`Q-
LQ`i?2`M SQ`im;HX AM T`iB+mH`- i?2 a1a KQ/2H b?Qrb ?Qr i?2 7Q`2bi M/ ?mKM
/vMKB+b BMi2`+i M/ ;2M2`i2 i?`2b?QH/b M/ `2;BK2 b?B7ib i?i rQmH/ MQi #2
Q#b2`p2/ rBi?  7Q`2bi Q` bQ+BH KQ/2H QMHvX
h?2 7Q`2bi /vMKB+b `2 BM~m2M+2/ #v i?2 7`KBM; +iBpBiB2b Q7 i?2 ?mKM TQT@
mHiBQM i?i +mb2 /27Q`2biiBQMX _2+BT`Q+HHv- i?2 #BHBiv Q7 7Q`2bi iQ `2@+QM[m2`
#M/QM2/ 7`KHM/ +M BM~m2M+2 i?2 HBF2HB?QQ/ Q7 `2bB/2Mib iQ 7`K  ;Bp2M `2X
8d
*?Ti2` j  bQ+BQ@2+QHQ;B+H KQ/2H Q7 b2/2Mi`BxiBQM
t Higher utility for 
sedentarism  
(hb = 3) 
Lower utility for 
sedentarism  
(hb = 1) 
Same utilities for 
both lifestyles 




































Higher utility for 
sedentarism  
(hb = 3) 
Lower utility for 
sedentarism  
(hb = 1) 
Same utilities for 
both lifestyles 












0 0 20 40 60 80 100
6B;m`2 jX8X, *QKT`BbQM Q7 i?2 bQ+BH QMHv M/ bQ+BQ@2+QHQ;B+H /vMKB+b rBi? ?B;?
bQ+BH #QM/BM; M/ p`vBM; miBHBiv Q7 i?2 b2/2Mi`v HB72bivH2X
X h?2 7Q`2bib /vMKB+b `2 biiB+ M/ i?2 MmK#2` Q7 b2/2Mi`v BM/BpB/mHb UaV
/2T2M/b QMHv QM i?2 bQ+BH /vMKB+ rBi? hb 4 j- k M/ R ?@R`2bT2+iBp2Hv 7Q` i I
k8 v2`b- k8 I i I ey v2`b M/ i = ey v2`bc aUyV 4 y BM/X- Ai 4 8y ?- Ab 4 Ryy
?- _ 4 Ryy BM/X- hi = 2 ?@R- σ = 1- c = 0.9 - ω = 1 BM/@R v2`b@R M/ δ = 0.1X
"X h?2 7Q`2bib M/ b2/2Mi`v TQTmHiBQM /vMKB+b `2 HBMF2/ BM i?2 bQ+BQ@
2+QHQ;B+H KQ/2H rBi? hb 4 j- k M/ R `2bT2+iBp2Hv 7Q` i I k8 v2`b- k8 I i
I ey v2`b M/ i = ey v2`bc aUyV 4 y BM/X- Fi(0) = 50 ? M/ Fb(0) = 0 ?c ω = 1
BM/@R v2`b@R- Ti = 100 ?- Tb = 100 ?- _ 4 Ryy BM/X- hi = 2 ?@R- σ = 1- c = 0.9-
λi = λbN = 0.02 M/ λbS = 0.03- εi = εb = 4 M/ δ = 0.1X
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jXe .Bb+mbbBQM
h?Bb Bb +QMbBbi2Mi rBi? 2KTB`B+H bim/B2b i?i Q#b2`p2 KQ`2 `2;2M2`iBQM Q7 p2;2i@
iBQM +H2`BM;b r?2M ?mKM TQTmHiBQMb T`+iB+2 KB;`iBQM UMQK/BbKV i?M r?2M
i?2v `2 b2/2Mi`v U2X;X LBHbbQM  62`MbB/2- kyRRVX JQ`2Qp2`- ?BbiQ`B+HHv- b2/2Mi@
`BxiBQM Q7 i?2 2`Hv 1m`QT2M bQ+B2iB2b ?b #22M HBMF2/ rBi? 2ti2MbBp2 /27Q`2biiBQM
UqBHHBKb- kyyyVX aiBHH- i?2 +b2 Q7 KB;`iBQM T`2b2Mi2/ BM i?Bb KQ/2H- r?2`2 i?2 `2b@
B/2Mib rQmH/ KQp2 2MiB`2 ?Qmb2?QH/b M/ pBHH;2 7+BHBiB2b 7`QK QM2 bBi2 iQ MQi?2`
Bb [mBi2 mMB[m2X  KQ`2 ;2M2`H TT`Q+? iQ i?2 KQ/2HBM; Q7 b2/2Mi`BxiBQM rQmH/
BMpQHp2 i?2 KB;`iBQM #2ir22M bBi2b i?i `2 /Bz2`2Mi 2+? v2`X
6Qm` bBimiBQMb +M #2 /2b+`B#2/ r?2M HQQFBM; BMiQ i?2 bi#H2 2[mBHB#`B Q7 i?2 bQ+BQ@
2+QHQ;B+H KQ/2H, URV HH i?2 `2bB/2Mib T`+iB+2 b2bQMH KB;`iBQM M/ mb2 HH i?2
`2 BM #Qi? #`M/b M/ BMp2`M2B`b 7Q` ;`B+mHim`2- ?2M+2 i?2 bvbi2Kb ?p2 MQ
7Q`2bi2/ `2 i HHc UkV HH i?2 `2bB/2Mib T`+iB+2 b2bQMH KB;`iBQM #mi i?2v H2p2
bQK2 7Q`2bi2/ `2 BM i?2 #`M/b M/fQ` BM i?2 BMp2`M2B`bc UjV bQK2 b2/2Mi`v
BM/BpB/mHb TT2` BM i?2 `2bB/2Mi TQTmHiBQM M/ p`BQmb KQmMi Q7 `2 BM i?2
#`M/b M/ i?2 BMp2`M2B`b `2 mb2/ 7Q` ;`B+mHim`2- ?2M+2 H2pBM; bQK2 7Q`2bi BM
i?2 bvbi2Kc M/ U9V HH i?2 TQTmHiBQM biQTb i?2 b2bQMH KB;`iBQM M/ #2+QK2b
b2/2Mi`vX AM i?Bb Hbi +b2- i?2 #M/QMK2Mi Q7 ;`B+mHim`2 BM i?2 BMp2`M2B`b +mb2b
+QKTH2i2 7Q`2bi `2@p2;2iiBQM r?BH2 bQK2 7Q`2bi +M #2 KBMiBM2/ BM i?2 #`M/bX
M BKTQ`iMi `2bmHi Q7 i?2 KQ/2H Bb i?i i?2 bQ+BQ@2+QHQ;B+H bvbi2K Bb T`QM2 iQ
`2;BK2 b?B7ib #2ir22M i?2 2MiB`2 TQTmHiBQM UQ` i?2 pbi i?2 KDQ`BivV #2BM; b2/2M@
i`v M/ i?2 2MiB`2 TQTmHiBQM UQ` i?2 pbi i?2 KDQ`BivV #2BM; MQK/X _2+2Mi
i`MbBiBQMb #2ir22M i?2 KB;`Mi HB72bivH2 M/ i?2 b2/2Mi`v HB72bivH2 BM *bi`Q G@
#Q`2B`Q bmTTQ`i i?2 KQ/2H U.QKBM;m2b  _Q/`B;m2b- kyy3VX b `2+2Mi b RN38- i?2
+QKKmMBiB2b Q7 R8 #`M/b biBHH T`+iB+2/ MQK/BbK iQ BMp2`M2B`b-  T`+iB+2 i?i
/i2/ #+F i H2bi bBM+2 i?2 soAAAi? +2Mim`vX "v kyyd- BM d Q7 i?Qb2 #`M/b i?2
2MiB`2 TQTmHiBQM ?/ #2+QK2 b2M/2Mi`v- 9 r2`2 biBHH BM?#Bi2/ #v KB;`Mib- M/
MQi?2` 9 ?/  KBt2/ TQTmHiBQM Q7 KB;`Mib M/ b2/2Mi`v BM/BpB/mHbX A7 i?2
bvbi2K /B/ MQi 2t?B#Bi `2;BK2 b?B7ib- QM2 rQmH/ 2tT2+i i?i b bQK2 Q7 i?2 TQTm@
HiBQM #2+K2 b2/2Mi`v- KQbi +QKKmMBiB2b rQmH/ 2t?B#Bi  KBt2/ +QKTQbBiBQM Q7
KB;`Mib M/ b2/2Mi`v BM/BpB/mHb- M/ i?Bb Bb MQi i?2 +b2X
AM Qm` KQ/2H T2QTH2 +?M;2 i?2B` #2?pBQ` ++Q`/BM; iQ i?2 `2HiBp2 miBHBiB2b Q7 i?2
MQK/B+ M/ b2/2Mi`v HB72bivH2bX AM *bi`Q G#Q`2B`Q- #2ii2` HBpBM; +QM/BiBQMb /m`@
BM; i?2 rBMi2` 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+i2`Bx2b i?2 HM/b+T2 Uhm`M2`- RNN3V- MK2Hv /Bbim`#M+2
7`2[m2M+v M/ `2im`M BMi2`pH- bTiBH 2ti2Mi- BMi2MbBiv U2M2`;v ~Qr T2` `2 T2`
iBK2V M/ b2p2`Biv UK;MBim/2 Q7 BKT+iVX
6Q` KBHH2MMB- ?mKMb ?p2 KQ/B}2/ 2+Qbvbi2Kb rBi? p`vBM; BMi2MbBiv M/ Qp2` p`@
BQmb bTiBH 2ti2MibX h?2b2 Mi?`QTQ;2MB+ +?M;2b BKTHv  KQ/B}+iBQM BM #Qi? i?2
Mim`H +QKKmMBiB2b M/ i?2 Mim`H T`Q+2bb2b i?i +mb2 /Bbim`#M+2X AM T`iB+mH`-
?mKM +iBpBiB2b Q7i2M +mb2 i?2 /Bb`mTiBQM Q7 Mim`H `2;BK2b- 2Bi?2` /B`2+iHv U2X;X-
HBp2biQ+F ;`xBM;- }`2 bmTT`2bbBQMV Q` BM/B`2+iHv U2X;X- HM/b+T2 7`;K2MiiBQM- BM@
i`Q/m+iBQM Q7 2tQiB+ BMpbBp2b Q` T2bibV- Q` BMi`Q/m+2 M2r ivT2b Q7 /Bbim`#M+2- bm+?
b TQHHmiBQMX AM //BiBQM- ?mKM +iBpBiB2b +M KBKB+ Mim`H /Bbim`#M+2 `2;BK2b
M/ z2+i #BQiB+ +QKKmMBiB2b BM  bBKBH` rv UiiBrBHH- RNN9VX 6Q` 2tKTH2- i?2
KBMi2MM+2 Q7 i`/BiBQMH HM/b+T2b M/ i?2 bT2+B2b@`B+? +QKKmMBiB2b bbQ+Bi2/
rBi? i?2K Bb BKTHB+BiHv HBMF2/ rBi? +QMiBMmQmb 2+Qbvbi2K /Bbim`#M+2 BKTQb2/ #v
?mKM +iBpBiB2bX
A7 i?2 `2;BK2 Q7 Mi?`QTQ;2MB+ /Bbim`#M+2b Bb Hi2`2/- #v  `2/m+iBQM Q` +QKTH2i2
rBi?/`rH Q7 ?mKM +iBpBiB2b- i?2`2 Bb  +QM+2`M i?i /Bbim`#M+2@/2T2M/2Mi ?#B@
iib M/ i?2 bbQ+Bi2/ +QKKmMBiB2b Kv MQi #2 KBMiBM2/X AM T`iB+mH`- i?2
KBMi2MM+2 Q7 2ti2MbBp2 7`KBM; bvbi2Kb BM 1m`QT2 Bb +m``2MiHv i biF2 /m2 iQ
7`KHM/ #M/QMK2Mi- r?B+? `Bb2b +QM+2`Mb #Qmi i?2 TQi2MiBH 2z2+ib Q7 HM/@
mb2 +?M;2b QM #BQ/Bp2`bBiv U_2v "2Mvb 2i HX - kyydVX h?2 i`D2+iQ`v Q7 2+QHQ;B+H
bm++2bbBQM 7i2` #M/QMK2Mi /2T2M/b QM b2p2`H 7+iQ`b- #mi i?2 T`Q##H2 b?B7i
7`QK  KQ/2`i2 /Bbim`#M+2 `2;BK2 UBX2X i`/BiBQMH HM/b+T2 KQbB+V iQ  HQr
Q` ?B;? /Bbim`#M+2 `2;BK2 Bb bbQ+Bi2/ rBi? i?2 `BbF Q7 ?#Bii ?QKQ;2MBxiBQM
M/ /2+HBM2 Q7 bT2+B2b `B+?M2bbX h?mb- QM2 Q7 i?2 +?HH2M;2b Q7 `2rBH/BM; #M/QM2/
7`KHM/ Bb iQ +QMi`B#mi2 iQ i?2 KBMi2MM+2 Q7 /Bbim`#M+2@/2T2M/2Mi ?#BiibX
SbbBp2 `2;2M2`iBQM 7QHHQrBM; 7`KHM/ #M/QMK2Mi +M #2  HQM; M/ +QKTH2t
ee
9Xk  TB+im`2 Q7 ?BbiQ`B+H 1m`QT2M HM/b+T2b
T`Q+2bb- bT2+B}+ iQ 2+? `2 Ub22 +?Ti2` kVX Ai /2T2M/b QM i?2 +mHiBpiBQM ?Bb@
iQ`v- i?2 iBK2 bBM+2 #M/QMK2Mi- i?2 pBH#BHBiv Q7  ǳMim`HǴ b22/ #MF- i?2
T`QtBKBiv Q7 bQm`+2b Q7 TQTmHiBQMb Q7 bT2+B2b- M/ i?2 `2[mB`2K2Mib 7Q` Mim`H /Bb@
im`#M+2b- r?B+? rBHH HH iF2 T`i BM i?2 b2H7@bmbiBM2/ 7mM+iBQMBM; Q7 i?2 `2biQ`2/
2+Qbvbi2KX q?2M +iBp2 `2biQ`iBQM Bb M22/2/- i?2 +?QB+2 Q7 i?2 #b2HBM2 Bb HbQ BK@
TQ`iMi U*Q`H2ii- kyRkV- M/ BM i?Bb `2;`/- QT2M HM/ KBMiBM2/ [mbB 2t+HmbBp2Hv
#v Ui`/BiBQMHV ;`B+mHim`H T`+iB+2b Bb  `i?2` `2+2Mi MQ`KX
AM i?Bb +?Ti2`- r2 }`bi /2TB+i i?2 1m`QT2M HM/b+T2b i?`Qm;? iBK2- 7`QK T`2@
KQ/2`M ?mKM b2iiH2K2Mi iQ i?2 T`Q;`2bbBp2 /p2Mi Q7 ;`B+mHim`2 M/ }MHHv iQ i?2
`2+2Mi i`2M/b Q7 ;`B+mHim`H #M/QMK2MiX q2 i?2M T`2b2Mi irQ KDQ` /Bbim`#M+2b,
BX2X ?2`#BpQ`v M/ }`2- 7`QK #Qi?  ?BbiQ`B+H T2`bT2+iBp2 UBX2X MQM@Mi?`QTQ;2MB+
/Bbim`#M+2V M/  `2biQ`iBQM TT`Q+?X q2 HbQ HQQF BMiQ i?2 +QMb2[m2M+2b Q7
i?Qb2 /Bbim`#M+2b QM HT? M/ #2i /Bp2`bBiv H2p2Hb BM i?2 HM/b+T2X
9XkX  TB+im`2 Q7 ?BbiQ`B+H 1m`QT2M HM/b+T2b
M QM;QBM; /2#i2XXX
.2b+`B#BM; i?2 bT2+B2b- ?#Biib- M/ BMi2`+iBQMb i?i rQmH/ #2 T`2b2Mi rBi?Qmi i?2
BM~m2M+2 Q7 KQ/2`M ?mKMb- BX2X i?2 T`2@?BbiQ`B+H #b2HBM2- Bb M BKTQ`iMi bi2T
iQ mM/2`biM/ Mim`H /vMKB+b M/ /Bbim`#M+2b- M/ ;mB/2 i?2 `2biQ`iBQM Q7 b2H7@
bmbiBMBM; bvbi2Kb Uap2MMBM;- kyykc :BHHbQM  qBHHBb- kyy9c qBHHBb  "B`Fb- kyyeVX
>Qr2p2`- i?2 +QKTQbBiBQM Q7 i?2 ǳT`2@L2QHBi?B+ HM/b+T2Ǵ U>Q//2` 2i HX - kyyNV Bb
biBHH i?2 bm#D2+i Q7 +iBp2 /2#i2X
h?2 Q+2MB+ JB//H2 M/ Gi2 SH2BbiQ+2M2 BMi2`;H+BH +M #2 mb2/ b T`QtB2b iQ
/2b+`B#2 i?2 1m`QT2M T`2@L2QHBi?B+ HM/b+T2b- /m2 iQ i?2B` bBKBH` +HBKiB+ +QM/B@
iBQMb M/ HQr ?mKM +iBpBiv Uap2MMBM;- kyykVX hrQ +QMi`biBM; TB+im`2b Q7 HQrHM/
i2KT2`i2 1m`QT2M HM/b+T2b 7Q` i?2b2 T2`BQ/b `2 /2b+`B#2/, UBV i?2 ǳ?B;?@7Q`2biǴ
?vTQi?2bBb- r?2`2 KQbi Q7 1m`QT2 rb +Qp2`2/ #v 7Q`2bi- r?B+? /vMKB+b M/ i?2
`2bmHiBM; pBH#BHBiv Q7 QT2M@HM/ BM~m2M+2/ ?2`#BpQ`2 TQTmHiBQMbc UBBV i?2 ǳrQQ/@
Tbim`2Ǵ ?vTQi?2bBb- /2TB+iBM; i?2 1m`QT2M HM/b+T2b b  KQbB+ Q7 7Q`2bi M/
QT2M@HM/ r?2`2 ?2`#BpQ`v rb i?2 KBM /`Bp2` Q7 QT2MM2bb Uo2`- kyyyc "`/b?r
2i HX - kyyjc "B`Fb- kyy8c JBi+?2HH- kyy8VX
SQHH2M `2+Q`/b `2 [mBi2 `B+? M/ `2T2iBiBp2Hv mb2/ iQ i2bi #Qi? ?vTQi?2b2b M/ bb2bb
ed
*?Ti2` 9 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
i?2 /2;`22 Q7 QT2MM2bb- Q` H+F i?2`2Q7- Q7 1m`QT2M HM/b+T2bX hvTB+HHv- i?2 `iBQ
#2ir22M i?2 T2`+2Mi;2 Q7 i`22 TQHH2M M/ MQM@`#Q`2H TQHH2M ;Bp2b M BM/B+iBQM
Q7 i?2 QT2MM2bb Q7  HM/b+T2 Uap2MMBM;- kyykVX SQHH2M `2+Q`/b b?Qr i?i b?/2@
BMiQH2`Mi bT2+B2b r2`2 T`2b2Mi BM `2b #Qi? rBi? M/ rBi?Qmi 2pB/2M+2 Q7 H`;2
?2`#BpQ`2b- r?B+? Bb BM 7pQ` Q7 i?2 ǳ?B;? 7Q`2biǴ ?vTQi?2bBb- BM r?B+? ;`x2`b `2
MQi 2bb2MiBH iQ KBMiBMBM; i?Qb2 bT2+B2b UJBi+?2HH- kyy8VX LQM2i?2H2bb- TQHH2M M/
/mM; #22iH2 7QbbBH `2+Q`/ bmTTQ`i i?2 B/2 i?i K2;?2`#BpQ`2b r2`2 i?2 KBM F22T2`b
Q7 QT2MM2bb- i H2bi Q7 i?2 ~QQ/THBMb BM LQ`i?r2bi2`M 1m`QT2 Uap2MMBM;- kyykV- b
 /Bp2`b2 +QKKmMBiv Q7 /mM;@/2T2M/2Mi #22iH2b +M #2 HBMF2/ rBi? i?2 Q++m``2M+2b
Q7 H`;2 TQTmHiBQMb Q7 ?2`#BpQ`2b UaM/QK 2i HX - kyR9VX
u2i- i?`22 Qi?2` ivT2b Q7 Mim`H T`Q+2bb2b +M HbQ 2tTHBM i?2 Q++m``2M+2 Q7 QT2M
`2b, 7Q`2bi }`2b- rBM/i?`Qrb M/ 2/T?B+@iQTQ;`T?B+ +QM/BiBQMb Uap2MMBM;- kyykc
6v72- kyydc JQHBM`B 2i HX - kyRjVX h?2 KQbi HBF2Hv 2tTHMiBQM Bb i?i i?2 /Bbi`B@
#miBQM Q7 ?#Biib rb Q`B;BMHHv #b2/ QM T?vbB+H 7+iQ`b U"`/b?r 2i HX - kyyjV-
M/ rb i?2M 2M?M+2/ M/fQ` KBMiBM2/ #v H`;2 ?2`#BpQ`2bX
h2KTQ`H 2pQHmiBQM Q7 i?2 1m`QT2M HM/b+T2
h?2 }`bi ?QKBMB/b `2+?2/ 1m`QT2 7`QK 7`B+ BM i?2 1`Hv SH2BbiQ+2M2- bQK2 RXk@
RXR KBHHBQM v2`b ;Q U*`#QM2HH 2i HX - kyy3V- r?BH2 KQ/2`M ?mKMb +QHQMBx2/ i?2
+QMiBM2Mi #2ir22M 9e yyy "S M/ 9R yyy "S UJ2HH`b- kyyeVX .m`BM; i?Bb T?b2
Q7 KB;`iBQM- QT2M `2b r2`2 KQbi HBF2Hv KQ`2 ii`+iBp2 7Q` T`2?BbiQ`B+ ?mKM
+QKKmMBiB2b iQ b2iiH2 BM U6v72- kyydVX h?2 TT`QT`BiBQM Q7 M2r HM/ +QBM+B/2/ rBi?
+?M;2b BM i?2 1m`QT2M HM/b+T2X LQK/B+ ?mMi2`@;i?2`2`b bi`i2/ iQ +iBp2Hv
KM;2 i?2B` 2+Qbvbi2K rBi? i?2 mb2 Q7 }`2 /m`BM; i?2 SH2BbiQ+2M2, r?i bi`i2/ b
 /QK2biB+ iQQH U2X;X 7Q` +QQFBM;- ?2iBM;- M/ 7Q` T`Qi2+iBQM 7`QK T`2/iQ`bV HbQ
#2+K2 mb27mH iQ /`r ;K2 iQ ?mMiBM; ;`QmM/b- iQ +H2` i`p2H `Qmi2b- M/ iQ QT2M
bT+2 7Q` ;`x2`b U.MBm 2i HX - kyRyc ETHM 2i HX - kyRRc S72Bz2` 2i HX - kyRjVX
h?2 /2p2HQTK2Mi Q7 ;`B+mHim`2 rb i?2 M2ti bi2T BM ?mKMbǶ TT`QT`BiBQM M/
KM;2K2Mi Q7 i?2B` 2MpB`QMK2Mi US2`2B` 2i HX - kyRk M/ b22 TT2M/Bt VX h?2
bT`2/ Q7 ;`B+mHim`2 7`QK i?2 MQ`i?2`M G2pMi M/ MQ`i?2`M J2bQTQiKBM `2
iQr`/b 1m`QT2 ?b #22M +H+mHi2/ iQ ?p2 bi`i2/ #2ir22M RR-88y M/ Nyyy "S
M/ 2tTM/2/ i  `i2 Q7 yXe iQ RXj FKfv`- rBi? ;`B+mHim`2 `2+?BM; MQ`i?@r2bi2`M
1m`QT2 BM jyyy v2`b USBM?bB 2i HX - kyy8c _m//BKM- kyRjVX am+? bT`2/ Q7 ;`B@
+mHim`2 H2/ iQ  }p27QH/ BM+`2b2 BM i?2 ?mKM TQTmHiBQM U:B;MQmt 2i HX - kyRRV-
e3
9Xk  TB+im`2 Q7 ?BbiQ`B+H 1m`QT2M HM/b+T2b
r?B+? ?/ +QMbB/2`#H2 +QMb2[m2M+2b QM i?2 HM/b+T2X a2p2`H KQ/2Hb ?p2 #22M
/2bB;M2/ iQ BMp2biB;i2 i?2 ?BbiQ`B+H 2pQHmiBQM Q7 i?Bb ?mKM BKT+iX hvTB+HHv-
KQ/2Hb i?i /Q MQi bbmK2  /B`2+i HBM2` HBMF #2ir22M ?mKM TQTmHiBQM /2MbBiv
M/ /27Q`2biiBQM- #mi HbQ +QMbB/2` Qi?2` 7+iQ`b- bm+? b i2+?MQHQ;B+H +?M;2- b?Qr
i?i i?2 `i2 Q7 HM/ TT`QT`BiBQM rb Km+? ?B;?2` BM i?2 /BbiMi Tbi U_m//BKM-
kyRjc ETHM 2i HX - kyRRV- r?B+? Bb bmTTQ`i2/ #v Mi?`QTQHQ;B+H M/ `+?2QHQ;B+H
2pB/2M+2 U6``2HH 2i HX - kyyyVX 6B`bi Q7 HH- b iBK2 Tbb2/ M/ /27Q`2biiBQM Q+@
+m``2/- H2bb M/ H2bb 7Q`2bi rb H27i iQ +H2`X JQbi Q7 HH- i2+?MQHQ;B+H BKT`Qp2K2Mib
HHQr2/ T2QTH2 iQ T`Q/m+2 i?2 bK2 KQmMi Q7 7QQ/ QM H2bb HM/- r?B+? +QMi`/B+ib
 /B`2+i HBMF #2ir22M TQTmHiBQM /2MbBiv M/ /27Q`2biiBQM U_m//BKM- kyRjVX 6QH@
HQrBM; i?2b2 MQM@HBM2` +QM+2Tib- ETHM 2i HX UkyRRV T`2b2Mi2/ KQ/2H b+2M`BQb
Q7 >QHQ+2M2 Mi?`QTQ;2MB+ HM/ +Qp2` +?M;2X i 3yyy "S- QMHv J2bQTQiKB M/
hm`F2v r2`2 b?QrBM; bB;Mb Q7 ?mKM mb2 Q7 i?2 HM/- #mi #v i?2 #2;BMMBM; Q7 i?2
A`QM ;2 i jyyyƘ"S- mT iQ 9yW Q7 1m`QT2M HM/ +QmH/ ?p2 #22M +H2`2/ 7Q`
2ti2MbBp2 ;`B+mHim`2 M/ Tbim`2b U6B;X 9XRVX "2ir22M 3yyy M/ jyyy "S- ETHM
2i HX UkyRRV bm;;2bi i?i HM/ mb2 BM q2bi2`M 1m`QT2 `M;2/ 7`QK 8X8 iQ eX8 ?
T2` +TBi M/ rb `2HiBp2Hv bi#H2X "v k8yy "S- BM+`2bBM; TQTmHiBQMb BM KQbi Q7
q2bi2`M 1m`QT2 i`B;;2`2/ BMi2MbB}+iBQM Q7 HM/ mb2 U6B;X 9XRV M/ /2+`2b2 BM T2`
+TBi pHm2bX JDQ` HM/ #M/QMK2Mi 2TBbQ/2b 7QHHQr2/ /2+`2b2b BM TQTmHiBQM
/m`BM; i?2 JB;`iBQM S2`BQ/ 7QHHQrBM; i?2 7HH Q7 i?2 q2bi2`M _QKM 1KTB`2- M/
7i2` i?2 "H+F .2i? 2TB/2KB+ Q7 . Rj8yX "v . R38y- i?2 Hi2bi T`2BM/mbi`BH
iBK2- KQbi Q7 i?2 1m`QT2M HM/b+T2b mb#H2 7Q` BMi2MbBp2 +`QT Q` Tbim`2 r2`2
/27Q`2bi2/- M/ HM/ mb2 ?/ /`QTT2/ iQ pHm2b +HQb2 iQ yX8 ? T2` +TBiX
6QHHQrBM; i?2 AM/mbi`BH _2pQHmiBQM- i?2 `2HiBQMb?BT #2ir22M TQTmHiBQM M/ HM/
mb2 ?/ #2+QK2 H`;2Hv mM+QmTH2/X "2;BMMBM; BM i?2 Hi2 R3i? *2Mim`v- i?2b2 ǳ7Q`@
2bi i`MbBiBQMbǴ U2X;X Ji?2` 2i HX - RNN3V H2/ iQ #M/QMK2Mi Q7 mMT`Q/m+iBp2
;`B+mHim`H M/ Tbim`2HM/ BM KQbi 1m`QT2M +QmMi`B2bX JQ`2 `2+2MiHv- i?2 `m`H
TQTmHiBQM /2+`2b2/ #v RdW bBM+2 RNeR BM 1m`QT2 U6Pahh- kyRyV- rBi? `2T2`@
+mbbBQMb 7Q` ;`B+mHim`H HM/@mb2- M/ #Qi? `2 T`QD2+i2/ iQ +QMiBMm2 /2+`2bBM; BM
i?2 /2+/2b iQ +QK2X "v kyjy- mT iQ R8W Q7 i?2 HM/ +mHiBpi2/ BM kyyy +QmH/ #2
#M/QM2/ U2X;X o2`#m`;  Pp2`K`b- kyyNc 1B+F?Qmi 2i HX - kyydV r?B+? `2T`2b2Mib
NXN iQ kNXd KBHHBQM ? Q7 HM/ U+?Ti2` kVX h?2 `2b 7+BM; i?2 ;`2i2bi HBF2HB?QQ/
Q7 `m`H #M/QMK2Mi `2 `2KQi2 M/fQ` KQmMiBM `2b- +HbbB}2/ b ǳH2bi 7@
pQ`2/Ǵ- rBi? K`;BMH pHm2 7Q` ;`B+mHim`2 U2X;X J+.QMH/ 2i HX - kyyyVX qBi?
i?2 rBi?/`rH Q7 ?mKM +iBpBiB2b- i?Qb2 #M/QM2/ `2b `2 Q7i2M H27i rBi?Qmi
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Fraction of gridcell under hum


















9Xj h?2 `QH2 Q7 Mim`H /Bbim`#M+2b
i?2 `iB}+BH /Bbim`#M+2b i?i ?/ `2TH+2/ i?2 Mim`H QM2b- +2Mim`B2b Q` KBHH2MMB
;QX
9XjX h?2 `QH2 Q7 Mim`H /Bbim`#M+2b
AMp2biB;iBM; i?2 ?BbiQ`v Q7 Mim`H /Bbim`#M+2b +M BM7Q`K `2b2`+?2`b M/ KM@
;2`b QM ;mB/2HBM2b 7Q` `2biQ`iBQM U.QMHM 2i HX - kyyeVX hrQ ivT2b Q7 /Bbim`#M+2b
r2`2 B/2MiB}2/ b 7mM/K2MiH BM i?2 KBMi2MM+2 Q7 1m`QT2M HM/b+T2b- T`BQ` iQ
?mKM TT`QT`BiBQM Q7 i?2 HM/, H`;2 ?2`#BpQ`2b M/ Mim`H }`2 /vMKB+bX
h?2 T`2@L2QHBi?B+ 2+Qbvbi2K 2M;BM22`b
1+Qbvbi2K 2M;BM22`b `2 Q`;MBbKb i?i +`2i2 M/fQ` KBMiBM ?#Biib- 2Bi?2`
/B`2+iHv Q` BM/B`2+iHv UCQM2b 2i HX - RNN9c q`B;?i  CQM2b- kyyeV M/ i?mb +`2i2
MB+?2b 7Q` Qi?2` bT2+B2bX h?2 bQH2 7+i Q7 ;`xBM; M/ #`QrbBM; Bb MQi 2MQm;? iQ #2
[mHB}2/ b 2M;BM22`BM; Uq`B;?i  CQM2b- kyyeV- v2i i?2 +QMb2[m2M+2b Q7 ?2`#BpQ`v-
i`KTHBM;- M/ 72`iBHBxBM;- 2bT2+BHHv #v H`;2 ?2`/b Q7 K2;7mM- ?p2  /B`2+i
BKT+i QM i?2 /Bbi`B#miBQM Q7 ?#Biib Uo2`- kyyyVX G`;2 ?2`#BpQ`2b +M i?mb
HbQ #2 pB2r2/ b #BQiB+ /`Bp2`b Q7 HM/@+Qp2` +?M;2 U"B`Fb- kyy8V- Q` 2M;BM22`bX
aKHH KKKHb `2 HbQ FMQrM iQ ?p2 M BKTQ`iMi BKT+ib QM i?2 p2;2iiBQM- 7Q`
2tKTH2 #v /Bbim`#BM; i?2 bQBH M/ KQ/B7vBM; Bib T?vbB+H M/ +?2KB+H T`QT2`iB2b
UCQM2b 2i HX - RNN9V #mi i?Bb ;Q2b #2vQM/ i?2 b+QT2 Q7 i?Bb +?Ti2`X
.m`BM; i?2 BMi2`;H+BH +v+H2b Q7 i?2 Hi2 Zmi2`M`v- M/ T`BQ` iQ KbbBp2 2tiBM+@
iBQMb- i?2 HM/b+T2b Q7 1m`QT2 r2`2 +?`+i2`Bx2/ #v  `B+? K2;7mM U"`/b?r
2i HX - kyyjVX h?2 pBH#H2 7QbbBH 2pB/2M+2 +M T`Qp2 i?2 T`2b2M+2 Q7 bT2+B2b BM 
;Bp2M `2;BQM- r?BH2 mbBM; i?2 BKT+i Q7 bBKBH` 2tiMi bT2+B2b b  T`Qtv BM7Q`Kb
QM i?2 `QH2 Q7 2tiBM+i K2;?2`#BpQ`2b QM i?2 HM/b+T2 U*Q`H2ii- kyRkVX LQM2i?2@
H2bb- BM +QMi`bi rBi? TQHH2M- i?2`2 `2 iQQ HBiiH2 7QbbBH `2+Q`/b Q7 T`2@L2QHBi?B+ H`;2
?2`#BpQ`2b iQ HHQr 7Q` M 2biBKi2 Q7 i?2B` Tbi /2MbBiB2b U"`/b?r 2i HX - kyyjc
JBi+?2HH- kyy8V- M/ r2 biBHH H+F T`2+Bb2 FMQrH2/;2 `2;`/BM; i?2B` #2?pBQ` U>Q//2`
2i HX - kyyNVX
h?2 Hi2 SH2BbiQ+2M2 K2;7mM Q7 1m`QT2- mMiBH i?2 2`Hv #2;BMMBM; Q7 i?2 >QHQ+2M2
Uh#X 9XRV `2b2K#H2b i?2 QM2 +m``2MiHv 7QmM/ BM bpMMb- rBi? ?2`#BpQ`2b bm+? b
T`Q#Qb+B/2 M/ `?BMQ+2`QiB/2- M/ H`;2 +`MBpQ`2b bm+? b ?v2MB/2 M/ 72HB/2
dR
*?Ti2` 9 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
Uo2`- kyyyc "`/b?r 2i HX - kyyjc "HQM/2H  `QMbQM- RNNNVX :HQ#HHv- i?2 ;`QmT
Q7 H`;2 ?2`#BpQ`2b bmz2`2/ KQ`2 T`2?BbiQ`B+ 2tiBM+iBQMb i?M Qi?2` it UCQ?MbQM-
kyyNVX *v+HB+ +HBKiB+ +?M;2 ?/ ivTB+HHv #22M `2bTQMbB#H2 7Q`  `2;mH` 7mMH
im`MQp2`- M/ rb Hi2` +QK#BM2/ rBi? BM+`2b2/ ?mKM T`2bbm`2 U*Q`H2ii- kyRkc
JQ``BbQM 2i HX - kyydV- H2/BM; iQ b2p2`H Q7 i?2b2 K2;7mM #2+QKBM; `2;BQMHHv
U2X;X ?BTTQTQiKmbV- ;HQ#HHv U2X;X rQQHHv KKKQi?V- M/ Q7i2M 7mM+iBQMHHv- 2t@
iBM+i U"`/b?r 2i HX - kyyjc "HQM/2H  `QMbQM- RNNNVX aQK2 bT2+B2b HbQ bmz2`2/
H`;2 `M;2 +QMi`+iBQMb- bm+? b i?2 2HF UJQ``BbQM 2i HX - kyydVX //BiBQMHHv- ?m@
KMb /QK2biB+i2/ MBKHb BM i?2 62`iBH2 *`2b+2Mi- #Qmi Ry-yyy v2`b ;Q Uw2/2`-
kyy3c S2`2B` 2i HX - kyRkV- M/ b ?2`/2`b KB;`i2/ r2bi- BM+`2bBM; i?2 `2 Q7 Tb@
im`2 BM 1m`QT2- rBH/ ?2`#BpQ`2b r2`2 `2TH+2/ #v /QK2biB+i2/ bT2+B2bX aBM+2 . R-
KQbi Q7 i?2 QT2M `M;2HM/ BM 1m`QT2 ?b #22M mM/2` ?mKM HM/@mb2 U6B;X 9XRVX
1tiBM+i M/ 2tiMi H`;2 ?2`#BpQ`2b +M #2 +HbbB}2/ ++Q`/BM; iQ i?2B` 722/BM; #2@
?pBQ` Uh#X 9XRV- r?B+? BM im`M T`QpB/2b BM7Q`KiBQM QM i?2 ivT2 Q7 ?#Bii i?i
i?2B` T`2bbm`2 +M KBMiBMUo2`- kyyyc ap2MMBM;- kyykc "mHHQ+F- kyyNV, #`Qrb2`b
U2X;X 2HF- bi`B;?i@imbF2/ 2H2T?MibV `2 ivTB+HHv bbQ+Bi2/ rBi? i`22 `B+? `2bc
;`x2`b U2X;X ?BTTQTQiKmb- m`Q+?bV `2 BM +QMi`bi bbQ+Bi2/ rBi? i?2 Q++m``2M+2
Q7 ;`bb@`B+? ?#Biic }MHHv- KBt2/ 722/2`b U2X;X `2/ /22`- rBH/ ;QibV Hi2`Mi2 #2@
ir22M #`QrbBM; M/ ;`xBM;X h?2 1m`QT2M #BbQM ?b- 7Q` 2tKTH2- #22M bbQ+Bi2/
?BbiQ`B+HHv rBi? #Qi? +HQb2/ 7Q`2bi M/ b2KB@QT2M ?#Biib UEm2KK2`H2 2i HX - kyRkVX
h?2 bQ+BH bi`m+im`2 Q7 i?2 ?2`#BpQ`2b UBX2X bQHBi`v- ;`QmTb Q` ?2`/bV HbQ T`QpB/2b
BM7Q`KiBQM QM i?2 ;`xBM; M/ #`QrbBM; T`2bbm`2 QM i?2 HM/b+T2 Uh#X 9XRVX
h?2 BKT+i Q7 H`;2 ?2`#BpQ`2b QM i?2B` 2MpB`QMK2Mi ;Q2b #2vQM/ #`QrbBM; M/
;`xBM;X 6Q` 2tKTH2- 2H2T?Mib `2 FMQrM iQ +`2i2 H`;2 T?vbB+H /Bbim`#M+2b pB
i?2 i`KTHBM; Q7 i`22b M/ b?`m#b UCQM2b 2i HX - RNN9V- r?B+? +?M;2b i?2B` ?#Bii
M/ i?2 }`2 `2;BK2 HQ+HHv M/ BM `2im`M #2M2}ib HB;?i /2KM/BM; THMi bT2+B2bX
h?2 /Bbim`#M+2 BM/m+2/ #v i?2 `QQiBM; #2?pBQ` Q7 rBH/ #Q`b 7pQ`b Mim`H 7Q`2bi
`2;2M2`iBQM- r?BH2 #2BM; +QMbB/2`2/ b /K;BM; iQ ;`bbHM/b Ua+?H2v 2i HX - kyy3c
aM/QK 2i HX - kyRj#VX G`;2 ?2`#BpQ`2b HbQ ?p2  `QH2 b b22/@/BbT2`b2`b i?`Qm;?
i?2B` +QMbmKTiBQM Q7 H`;2 [mMiBiB2b Q7 7Q`;2 +QMiBMBM; 7`mBib- M/ r?B+?- /m2 iQ
HQr Q`H T`Q+2bbBM;- /BbT2`b2 mM/K;2/ b22/b BM i?2B` 72+2b U*Q`H2ii- kyRkc CQ?MbQM-
kyyNVX aQK2 b22/b 2p2M M22/ iQ Tbb i?`Qm;?  /B;2biBp2 i`+F iQ i`B;;2` ;2`KBMiBQMX
6BMHHv- ?2`#BpQ`2 /mM; Bb BKTQ`iMi 7Q` Mmi`B2Mi +v+HBM; M/ bQBH 72`iBHBxiBQM UwBKQp-
kyy8VX
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Alces alces (Eurasian elk) X X LC B S
Bison bonasus (European bison) X X VU M H
Bison priscus (Steppe bison) X G
Bison schoetensacki X G
Bos primigenius (Auroch) X X G
Bubalus murrensis (Murr water buffalo) X M
Capra aegagrus (Wild goat) X VU M H
Capra ibex (Alpine ibex) X X LC M G
Capra pyrenaica (Iberian ibex) X X* X LC/VU M G
Capreolus capreolus (Roe deer) X LC B S
Capreolus suessenbornensis X M
Castor fiber (Beaver) X X LC B S
Cervus elaphus (Red deer) X X LC G G
Coelodonta antiquitatis (Woolly rhinoceros) X B
Dama clactoniana X M
Dama dama  (Fallow deer) X LC M H
Dicerorhinus hemitoechus (Narrow-nosed rhinoceros) X B
Equus ferus (Tarpan) X X G
Equus germanicus (Forest horse) X X G
Equus hydruntinus (European ass) X X G
Equus przewalskii (Przewalski's horse) X X X G
Hipparion crassum X B
Hippopotamus amphibius (hippopotamus) X X X G
Hippopotamus antiquus (European hippopotamus) X M
Mammuthus primigenius (Woolly mammoth) X X G
Megaloceros cazioti X M
Megaloceros dawkinsi (Giant deer) X M
Megaloceros euryceros X M
Megaloceros giganteus (Irish giant elk) X X M
Ovibos moschatus (Muskox) X X LC M H
Ovis aries orientalis  (Mouflon) X X VU M G
Palaeoloxodon antiquus (Straight-tusked elephant) X M
Pseudodama nestii X M
Rangifer tarandus (Reindeer) X X LC M H
Rupicapra pyrenaica (Pyrenean chamois) X X LC M G
Rupicapra rupicapra (Chamois) X X LC M H
Saiga tatarica (Saiga) X X CR M H
Soergelia elisabethae X M
Stephanorhinus kirchbergensis (Merck's rhinoceros) X B
Sus scrofa (Wild boar) X X LC M G
Ursus spelaeus  (Cave bear) X M
h#H2 9XRX, GBbi Q7 2tiMi M/ 2tiBM+i bT2+B2b Q7 H`;2 ?2`#BpQ`2b T`2b2Mi /m`BM; i?2
Hi2 SH2BbiQ+2M2 M/ i bQK2 TQBMi #2ir22M i?2 2`Hv >QHQ+2M2 M/ i?2 +m``2Mi
iBK2- BM 1m`QT2 U"`/b?r 2i HX - kyyjc "mHHQ+F- kyyNc aKBi? 2i HX - kyyjc
ap2MMBM;- kyykc o2`- kyyyc "HQM/2H  `QMbQM- RNNNVX Al*L aiimb, G* @ G2bi
*QM+2`Mc ol @ omHM2`#H2c *_ @ *`BiB+HHv 2M/M;2`2/X 622/BM; #2?pBQ`, J
@ JBt2/ 722/2`bc : @ :`x2`bc " @ "`Qrb2`bX aQ+BH bi`m+im`2, : @ :`QmTbc > @
>2`/bc a @ aQHBi`vX U V h?2`2 `2 7Qm` bm#bT2+B2b Q7 *T` Tv`2MB+- irQ Q7 r?B+?
`2 2tiBM+i @ *X Tv`2MB+ HmbBiMB+ M/ *X Tv`2MB+ Tv`2MB+ @ r?BH2 irQ `2
2tiMi @ *X Tv`2MB+ pB+iQ`B2 M/ *X Tv`2MB+ ?BbTMB+X dj
*?Ti2` 9 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
6B`2 /vMKB+b
6B`2 Bb  +`BiB+H +QKTQM2Mi BM i?2 7mM+iBQMBM; Q7 KMv 2+Qbvbi2KbX Ai KBMiBMb
M/ b?T2b p2;2iiBQM bi`m+im`2 M/ #BQiB+ +QKKmMBiB2b- T`QKQi2b Mim`H `2;2M2`@
iBQM M/ ?#Bii /Bp2`bBiv- iF2b T`i BM #BQ;2Q+?2KB+H +v+H2b- M/ +M BM~m2M+2
bQBH T`QT2`iB2b M/ ri2` 7mM+iBQMb U"QM/  E22H2v- kyy8c h?QMB+F2 2i HX - kyyRVX
lMHBF2 ;`xBM;- }`2b +QMbmK2 #Qi? /2/ M/ HBpBM; Ki2`BH M/ /Q MQi /Bb+`BKBMi2
#2ir22M 2/B#H2 M/ MQM@2/B#H2 THMib U"QM/  E22H2v- kyy8V- #mi Kv +i b  b2@
H2+iBp2 T`2bbm`2 Qp2` }`2 T2`bBbi2Mi i`BibUSmbb  "`/biQ+F- kyydc Smbb 2i HX -
kyyeVX
6B`2@/2T2M/2Mi bvbi2Kb +Qp2` #Qmi 8jW Q7 i?2 rQ`H/Ƕb i2``2bi`BH bm`7+2 Ua?HBbFv
2i HX - kyydVX h?2b2 bvbi2Kb 2pQHp2/ BM i?2 T`2b2M+2 Q7 }`2 M/ /2T2M/ QM i?Bb /Bb@
im`#M+2 iQ KBMiBM i?2B` bi`m+im`2 M/ +QKTQbBiBQM U2X;X- J2/Bi2``M2M 7Q`2bib
M/ #Q`2H 7Q`2bibV- rBi? }`2 `2;BK2b U+?`+i2`Bx2/ #v i?2B` 7`2[m2M+v- BMi2MbBiv-
M/ b2bQMHBivV bT2+B}+ iQ 2+? 2+Qbvbi2KX AM //BiBQM- kkW Q7 i?2 rQ`H/Ƕb i2`@
`2bi`BH `2 Bb +Qp2`2/ #v }`2@b2MbBiBp2 2+Qbvbi2Kb- r?2`2 }`2 THvb  KBMQ` `QH2
BM KBMiBMBM; 2+Qbvbi2K bi`m+im`2 M/ +QKTQbBiBQM U2X;X- #`Q/H2p2/ M/ KBt2/
7Q`2bib BM i?2 HTbV- R8W Bb +Qp2`2/ #v }`2@BM/2T2M/2Mi 2+Qbvbi2Kb- r?2`2 }`2 Bb MQi
M 2pQHmiBQM`v 7Q`+2 /m2 iQ i?2 b+`+Biv Q7 7m2H Q` B;MBiBQM bQm`+2b U2X;X imM/`V-
M/ i?2 `2KBMBM; RyW `2 MQi v2i +HbbB}2/ Ua?HBbFv 2i HX - kyydVX
AM 1m`QT2- Mim`H }`2 `2;BK2b `2 KBMHv Q7 irQ ivT2b, BV BMi2Mb2 M/ H`;2- M/ BBV
+QQH M/ bKHH U`+?B#H/ 2i HX - kyRjVX h?2 7Q`K2` ivT2 Bb ivTB+H Q7 J2/Bi2``M2M
M/ #Q`2H 2+Qbvbi2Kb- r?2`2 H`;2 +`QrM }`2b Q7 ?B;? BMi2MbBiv `2im`M i BMi2`pHb
i?i +M bTM 7`QK  72r /2+/2b- BM T`iB+mH` BM J2/Bi2``M2M `2;BQMb- iQ KQ`2
i?M  +2Mim`v U`+?B#H/ 2i HX - kyRjVX h?2 Hii2` ivT2 Q++m`b BMi2`bT2`b2/ rBi? i?2
}`bi ivT2- BM i?2 bK2 #BQK2b- M/ Bb bbQ+Bi2/ rBi? bm`7+2 }`2b #m`MBM; HBii2` 7m2Hb
U`+?B#H/ 2i HX - kyRjVX >Qr2p2`- /m2 iQ  HQM; ?BbiQ`v Q7 ?mKM T`2b2M+2- KMv
2+Qbvbi2Kb BM 1m`QT2- BM+Hm/BM; }`2@b2MbBiBp2 bvbi2Kb- T`2b2Mi Hi2`2/ }`2@`2;BK2b
`2bmHiBM; 7`QK HM/@mb2 +?M;2b M/ Mi?`QTQ;2MB+ }`2 KM;2K2Mi U`+?B#H/ 2i HX
- kyRjc JQHBM`B 2i HX - kyRjc a?HBbFv 2i HX - kyydVX *m``2Mi }`2 Q++m``2M+2 BM
1m`QT2 `M;2b 7`QK H2bb i?M }p2 iQ M2`Hv  ?mM/`2/ T2` v2` BM `2b Q7 i?2
J2/Bi2``M2M `2;BQM- r?B+? HbQ T`2b2Mib i?2 H`;2bi p2`;2 Q7 `2 #m`M2/ v2`Hv-
rBi? Qp2` Ry yyy ?fv2` BM bQK2 `2b U1m`QT2M *QKKBbbBQM- kyRyVX 6Qm` ivT2b
Q7 `2b +M #2 B/2MiB}2/ BM 1m`QT2- #b2/ QM i?2B` }`2 `2;BK2b- r?2M +QK#BMBM;
#Qi? i?2 Q++m``2M+2b Q7 }`2 M/ i?2 p2`;2 `2 #m`M2/ U6B;X 9XkVX *2Mi`H 6`M+2-
d9
9Xj h?2 `QH2 Q7 Mim`H /Bbim`#M+2b
LQ`i?@1bi2`M :2`KMv- M/ KQbi Q7 _QKMB T`2b2Mi bKHH }`2 `2;BK2b- rBi? 72r
}`2b UI ky T2` v2`V M/ HBiiH2 `2 #m`M2/ UI j8 ?VX SQHM/- KQbi Q7 i?2 "HiB+
M/ a+M/BMpBM +QmMi`B2b `2 `2b rBi? `2HiBp2Hv ?B;? Q++m``2M+2b Q7 }`2 U= 8y
T2` v2`V #mi bKHH `2 #m`M2/ UI j8 ?VX AM +QMi`bi- KQbi Q7 "mH;`B M/ :`22+2
`2 `2;BQMb r?2`2  bKHH MmK#2` Q7 }`2b UI ky T2` v2`V `2 bm{+B2Mi iQ #m`M H`;2
`2b U= RR8 ?VX 6BMHHv- aQmi?2`M AiHv- *`QiB M/ i?2 A#2`BM S2MBMbmH `2
`2b rBi? #Qi? ?B;? }`2 7`2[m2M+v U= 8y T2` v2`V M/ H`;2 `2b #m`M2/ U= RR8
?VX
6B`2 bmTT`2bbBQM Bb  +QKKQM HM/ KM;2K2Mi TQHB+v BKTH2K2Mi2/ iQ T`Qi2+i ?m@
KM +QKKmMBiB2b M/ HM/ Ua?HBbFv 2i HX - kyydc 62`MM/2b- kyRjV #mi Bi HbQ T`Q@
KQi2b 7m2H ++mKmHiBQM BM }`2@/2T2M/2Mi bvbi2Kb M/ BM+`2b2b i?2 `BbF Q7 H`;2
M/ BMi2Mb2 }`2b U62`MM/2b- kyRjc S`Q2MÏ  S2`2B`- kyRy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b 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M/b+T2b M/ `2/m+2 }`2 `BbFX
AM 1m`QT2- 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M +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2t+HmbBQM Q7 }`2 b2MbBiBp2 bT2+B2b M/ i?2 T`QKQiBQM Q7 }`2 `2bBHB2Mi bT2+B2b i?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M
2M/m`2 7`2[m2Mi }`2b- 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M HbQ +mb2 2ti2MbBp2 bQBH /2;`/iBQM 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HQbb Uh?QMB+F2 2i HX - kyyRVX h?Bb Bb T`iB+mH`Hv i`m2 7Q` J2/Bi2``M2M 2+Qbvbi2Kb-
r?2`2 NjW Q7 }`2 `2;BK2b `2 +QMbB/2`2/ iQ #2 BM 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`Hv BM aQmi?2`M 1m`QT2- rBi? TQi2MiBH BKT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M/
2+Qbvbi2K b2`pB+2b UJQmBHHQi 2i HX - kyy8c "bbB 2i HX - kyy3c S`Q2MÏ  S2`2B`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kyRyVX q?2`2 i?2 MmK#2` Q7 B;MBiBQMb Bb MQi  HBKBiBM; 7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KMv `2;BQMb mM/2` 7`KHM/ #M/QMK2Mi U"bbB 2i HX - kyy3c :Mi2mK2 2i HX -
kyRjV- +HBKi2 M/ 7m2H pBH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BM /2i2`KBMMib Q7 7mim`2 +?M;2b
iQ i?2 }`2 `2;BK2X AM ?B;?@T`Q/m+iBpBiv 2+Qbvbi2Kb rBi?  ?B;? H2p2H Q7 ?mKB/Biv-
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i2 #`Q/H2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b 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i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pBH#H2 7Q` 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`2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`2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i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p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M/ `2bmHi2/ BM
KQ`2 7`2[m2Mi- KQ`2 BMi2Mb2 M/ H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b 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iB+ p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 bK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M Q` rQ`H/ /Bbi`B#mi2/ bT2+B2bX h?2 }`bi irQ
ivT2b `2 T`iB+mH`Hv 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i2 /Bbim`#M+2 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#Hv
dd
*?Ti2` 9 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
HQr2` BM i?2 +b2 Q7 bT2+BHBbi bT2+B2b BM i`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 S2`2B`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BM 7`;K2Mi2/ 7Q`2bi T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 Q7 bBKBH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US`Q2MÏ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i?2M 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/BiBQM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i U2t+2Ti bi`B+i ?#Bii bT2+B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+BHBi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 S2`2B`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?#Bii ivT2 rBHH bmTTQ`i 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M+2b 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#Bii bT2+BHBbibX _2;`/BM; bT2+B2b
im`MQp2` UBX2X- β@/Bp2`bBivV- i`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J2`+Ft- BM T`2bbVX 6Q` 2t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?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B+ 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iB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#Bi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HHv 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b 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HH bTiB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Mim`H /Bbim`#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+F2v 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#2ir22M it `B+?M2bb M/ i?2 BMi2MbBiv Q7 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#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TT2`X h?2
i`D2+iQ`v Q7 b2+QM/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T2b r?2`2 i`22 /2MbBiv Bb p2`v HQr- bm+? b bQK2 J2/Bi2``M2M HM/b+T2b-
i?2`2 Bb  ?B;? T`Q##BHBiv Q7 b?`m# 2M+`Q+?K2Mi 7i2` 7`KHM/ #M/QMK2Mi /m2
iQ b22/ HBKBiiBQM- T`2/iQ`v T`2bbm`2 Qp2` QF +Q`Mb M/ /2}+B2Mi #BQiB+ +QM/B@
iBQMb- bm+? b TQQ` bQBHb U++BQ 2i HX - kyydVX qBH/}`2 rBHH 7m`i?2` T`QKQi2 b?`m#
/QKBMM+2- /m2 iQ KMv b?`m#bǶ `2bT`QmiBM; #BHBivX qBH/}`2b Kv ?2M+2 2bi#HBb?
 `2BM7Q`+BM; 722/#+F HQQT- H2/BM; iQ +QKKmMBiv ?QKQ;2MBxiBQM M/  /2+HBM2 BM
/Bp2`bBiv i HH b+H2b US`Q2MÏ  S2`2B`- kyRyVX
 /Bz2`2Mi i`D2+iQ`v +M #2 MiB+BTi2/ BM HM/b+T2b rBi?  ?B;?2` i`22 /2MbBiv-
bm+? b b2KB@Mim`H ;`bbHM/b BM MQ`i?2`M 1m`QT2 U1`BFbbQM 2i HX - kyykVX h?2`2-
b22/ pBH#BHBiv M/ /BbT2`bH `2 MQi HBKBiBM; 7+iQ`b M/ 7Q`2bi Bb #H2 iQ +QHQMBx2
M/ `2;2M2`i2 BM `2HiBp2Hv b?Q`i iBK2X qBi? M 2tT2+i2/ HQr /Bbim`#M+2 `2;BK2-
7Q`2bi +M 2tTM/- r?B+? /2+HBM2b ?#Bii ?2i2`Q;2M2BivX aQK2 bT2+B2b- bm+? b
;`bbHM/ bT2+BHBbib- rBHH b?Qr bi`QM; `2/m+iBQMb BM #mM/M+2 Q` 2p2M ;Q HQ+HHv
2tiBM+iX AKT+ib i i?2 HM/b+T2 H2p2H rBHH /2T2M/ QM bT2+B2b #BHBiv iQ T2`bBbi BM
Hi2`MiBp2 ?#Biib bm+? b 7Q`2bi 2/;2b Q` ?2i?HM/b US`Q2MÏ  S2`2B`- kyRjVX
h?2 #Qp2 2tKTH2b /2b+`B#2 #M/QM2/ Ti+?2b BM  7B`Hv ?QKQ;2MQmb HM/b+T2
Ki`Bt rBi? 2Bi?2`  HQr Q` ?B;? i`22 /2MbBivX AM  ?2i2`Q;2M2Qmb HM/b+T2 rBi? 
KQ`2 #HM+2/ +Qp2` Q7 /Bz2`2Mi ?#Biib M/  p`B2iv Q7 2/T?B+@iQTQ;`T?B+ +QM@
/BiBQMb- b+2M`BQb rQmH/ T`Q##Hv #2 /Bz2`2Mi ;Bp2M i?2 /Bp2`bBiv Q7 HQ+H `2bTQMb2b
iQ +?M;2b BM /Bbim`#M+2 `2;BK2X >#Bii /Bp2`bBiv rBHH MQi QMHv +QmMi2`+i HM/@
b+T2 ?QKQ;2MBxiBQM- #mi HbQ T`QpB/2 Hi2`MiBp2 ?#Biib 7Q` bT2+B2b z2+i2/ #v
7`KHM/ #M/QMK2Mi- i?mb `2/m+BM; i?2 BKT+i Q7 HM/@mb2 +?M;2 QM bT2+B2b /B@
p2`bBivX h?2 T2`bBbi2M+2 Q7 i?Qb2 bT2+B2b BM i?2 HM/b+T2 rBHH i?2M /2T2M/ QM i?2
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9X8 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
KBMi2MM+2 Q7 i?Qb2 Hi2`MiBp2 ?#Biib- 2Bi?2` #v Mim`H T`Q+2bb2b- bm+? b ?2`@
#BpQ`v #v rBH/ mM;mHi2b- Q` i?`Qm;? bbBbi2/ T`Q+2bb2b- bm+? b T`2b+`B#2/ }`2 Q`
?2`#BpQ`2 `2@BMi`Q/m+iBQMX
9X8X JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
qBH/ ?2`#BpQ`2b, Mim`H U`2V+QHQMBxiBQM Q` U`2VBMi`Q/m+iBQM\
hQ/v- QMHv ReW Q7 i?2 SH2`+iB+ `2;BQM- BM+Hm/BM; 1m`QT2- +QMiBMb `2b Q++m@
TB2/ #v mM/Bbim`#2/ H`;2 KKKH 7mMb- BX2X- bT2+B2b i?i ?p2 MQi mM/2`;QM2
KDQ` +?M;2b BM `M;2 #2ir22M .ƘR8yy M/ i?2 T`2b2Mi UJQ``BbQM 2i HX - kyydVX
h?Bb };m`2 /Q2b MQi 2p2M +QMbB/2` i?2 MmK#2` Q7 bT2+B2b i?i r2Mi 2tiBM+i 2`Hv
BM i?2 >QHQ+2M2 Uh#X 9XRVX h?2`2 Bb HbQ  +H2` `2;BQMH /Bz2`2M+2 r?2M HQQFBM;
i i?2 +m``2Mi bT2+B2b `B+?M2bb Q7 H`;2 ?2`#BpQ`2b BM 1m`QT2 U6B;X 9X9V, +QmMi`B2b
Q7 +2Mi`H 1m`QT2 T`2b2Mi i?2 ?B;?2bi /Bp2`bBiv- r?BH2 i?2 q2bi2`MKQbi +QmMi`B2b
?p2 HQr `B+?M2bb- #2bi 2tTHBM2/ #v Tbi HQ+H 2tiBM+iBQMbX aT2+B2b `B+? `2b- rBi?
HQr2` ?mKM /2MbBiB2b M/ H2bb T`2bbm`2 QM i?2 HM/- +QmH/ #2+QK2 ǳbQm`+2bǴ 7Q`
i?2 Mim`H `2@+QHQMBxiBQMX h?Bb ?b H`2/v #22M /Q+mK2Mi2/ 7Q` bQK2 bT2+B2b
Q7 H`;2 ?2`#BpQ`2b i?i b?Qr bm#biMiBH BM+`2b2b BM i?2B` TQTmHiBQMb bBM+2 i?2
RNeyb Uh#X 9XkVX h?Qm;? H2;BbHiBQM M/ +QMb2`piBQM K2bm`2b H`;2Hv +QMi`B#mi2/
iQ Bi U.2BM2i 2i HX - kyRjV- `m`H /2TQTmHiBQM M/ i?2 bbQ+Bi2/ `2/m+2/ ?mKM
T`2bbm`2- #Qi? /B`2+i U2X;X H2bb ?mMiBM;V M/ BM/B`2+i U2X;X KQ`2 HM/ pBH#H2V-
+M HbQ 2tTHBM i?2 T?2MQK2M Uh#X 9XkVX qBH/ TQTmHiBQMb +M HbQ #2M2}i 7`QK
i?2 #b2M+2 Q7 +QKT2iBiQ` M/ T`2/iQ` bT2+B2b U"`/b?r 2i HX - kyyjV- i?Qm;?
mM`2;mHi2/ TQTmHiBQM ;`Qri? +M [mB+FHv #2+QK2 M Bbbm2- 2X;X B7 i?2B` T`2bbm`2
QM i?2 HM/ Bb iQQ ?B;?X
AM +b2b r?2`2 MQ HQ+H rBH/ TQTmHiBQM Bb 2tiMi- b 7Q` 2tKTH2 BM q2bi2`M 1m`Q@
T2M +QmMi`B2b U6B;X 9X9V- ?2`#BpQ`2b +M #2 BMi`Q/m+2/- iQ `2biQ`2 2+Qbvbi2K 7mM+@
iBQMBM; UaM/QK 2i HX - kyRjVX h?i Bb- T`QpB/2/ i?i i?2B` 7mM+iBQMH `QH2 Bb H27i
mMii2M/2/ GBTb2v  *?BH/ UkyydV- M/ i?i i?2 #M/QM2/ HM/ K22ib i?2B` `2@
[mB`2K2Mi BM Mim`H `2bQm`+2bX  bim/v QM 72M+2/ TQTmHiBQMb Q7 rBH/ #Q` b?Qr2/
i?i i?2B` `QQiBM; #2?pBQ` +M +`2i2 ;2`KBMiBQM MB+?2b UaM/QK 2i HX - kyRj#V
M/ +QMi`B#mi2 iQ 7Q`2bi `2;2M2`iBQMX >Qr2p2`- i?2v +M HbQ #2 /2i`BK2MiH iQ i?2
2bi#HBb?2/ i`22b r?2M #`F bi`BTTBM; M/ mT`QQiBM; UaM/QK 2i HX - kyRjVX _2BM@
3R
*?Ti2` 9 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
6B;m`2 9X9X, aT2+B2b `B+?M2bb 7Q` 2tiMi H`;2 ?2`#BpQ`2b Q7 1m`QT2 @ a22 h#X 9XR
7Q` i?2 HBbi Q7 bT2+B2bX JT Q#iBM2/ mbBM; AMp2`b2 .BbiM+2 q2B;?iBM; Ur2B;?i 4
kV QM i?2 iHb /iX aQm`+2, iHb Q7 1m`QT2M JKKHb UJBi+?2HH@CQM2b 2i HX
- RNNNVX
i`Q/m+BM; 2+Qbvbi2K 2M;BM22`b iQ `2biQ`2 M/fQ` KBMiBM /Bbim`#M+2 /2T2M/2Mi
?#Biib +M HbQ #2 KQ`2 iBK2 M/ +Qbi 2z2+iBp2 i?M KM@K/2 `2biQ`iBQM UaM@
/QK 2i HX - kyRj#c "v2`b 2i HX - kyyeVX JQ`2Qp2`- T`QpB/2/ i?i i?2 `2@BMi`Q/m+2/
bT2+B2b T`2b2Mi +?`BbKiB+ pHm2b- i?2B` T`2b2M+2 +QmH/ 7+BHBii2 i?2 ++2TiiBQM Q7
 `2rBH/BM; T`QD2+i #v i?2 Tm#HB+ UGBTb2v  *?BH/- kyydc Em2KK2`H2 2i HX - kyRkVX
h?2 `2BMi`Q/m+iBQM Q7 rBH/ ;`x2`b +M HbQ #2 bb2bb2/ TQbBiBp2Hv 7`QK i?2 biM/@
TQBMi Q7 2+Qbvbi2K b2`pB+2b- #b2/ QM i?2 2tBbi2M+2 pHm2 Q7 i?2 K2;7mM US`Q2MÏ
2i HX - kyy3V M/ bbQ+Bi2/ +mHim`H b2`pB+2b Ub22 +?Ti2` 8VX LQM2i?2H2bb-  #HM+2
Kmbi #2 KBMiBM2/ r?2M +QMbB/2`BM; i?2 U`2VBMi`Q/m+iBQM Q7 ?2`#BpQ`2b M/ KMv
TQi2MiBH +?HH2M;2b b?QmH/ #2 `Bb2/ M/ /Bb+mbb2/ Ua2//QM 2i HX - kyydc *Q`H2ii-
kyRkc Al*L- kyRjVX 6B`bi- r?B+? bT2+B2b b?QmH/ #2 `2BMi`Q/m+2/\ q?2M itQM bm#@
biBimiBQMb `2 M22/2/ 7Q` 2+QHQ;B+H `2TH+2K2Mi UAl*L- kyRjV- `2b2`+?2`bǶ QTBMBQMb
`2 /BpB/2/- `M;BM; 7`QK `2H2bBM; #`22/b Q7 /QK2biB+i2/ MBKHb- iQ i?2 `2BMi`Q@
/m+iBQM Q7 2tiMi T`2Mib Q7 HQM; ;QM2 bT2+B2b U2X;X .QMHM 2i HX - kyyeVX _2H2bBM;
MBKHb HbQ `Bb2b i?2 [m2biBQM Q7 BM+`2bBM; i?2 `BbF Q7 +QM~B+ib #2ir22M HQ+H ?m@
KM TQTmHiBQMb M/ ǳrBH/HB72Ǵ U2X;X 1Mb2`BMF  oQ;2H- kyyec :QmH/BM;  _QT2`-
kyykV- r?B+? +QmH/ #2 KQ`2 2bBHv ++2Ti2/ B7 i?2 bT2+B2b rb T`Q;`2bbBp2Hv- M/
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9X8 JBMiBMBM; /Bbim`#M+2@/2T2M/2Mi ?#Biib
Mim`HHv- `2+QHQMBxBM; M `2X h?Qb2 +QM~B+ib `2 HBMF2/ iQ i?2 HB#BHBiv Q7 i?2
Q`;MBxiBQM i?i T2`7Q`K2/ i?2 `2BMi`Q/m+iBQM- U2X;X BM +b2b Q7 /K;2b Q` ++B@
/2MibV- M/  H2;H 7`K2rQ`F 7Q` i?2 BMi`Q/m+iBQM Q7 /QK2biB+ bT2+B2b U2X;X ?Q`b2bV
Bb KBbbBM;X h?mb- QM2 b?QmH/ [m2biBQM r?2i?2` i?2 `2BMi`Q/m+2/ TQTmHiBQM b?QmH/
#2 7`22 `QKBM; Q` 72M+2/X 6BMHHv- M Qp2`#mM/M+2 Q7 +2`iBM bT2+B2b +M ?p2
/2i`BK2MiH 2z2+ib- 2bT2+BHHv r?2M i?2 Mim`H T`2/iQ` ;mBH/ Bb #b2Mi M/ +MMQi
`2;mHi2 i?2 TQTmHiBQMb U2X;X "QBiMB  GBMM2HH- BM T`2bbV- v2i MQ bT2+B}+ ;mB/2HBM2b
`2 /2bB;M2/ 7Q` i?2 Mim`H +QMi`QH Q7 `2BMi`Q/m+2/ TQTmHiBQMb UAl*L- kyRjVX
6Q` BMbiM+2- i?2 H`;2 TQTmHiBQMb Q7 #`Qrb2`b BM i?2 a+QiiBb? >B;?HM/b- r?2`2
H`;2 +`MBpQ`2b ?p2 #22M 2tiBM+i 7Q` +2Mim`B2b- +m``2MiHv HBKBi i?2 Mim`H 7Q`2bi
`2;2M2`iBQM UaM/QK 2i HX - kyRjVX
h?2 +?QB+2 #2ir22M Mim`H `2+QHQMBxiBQMb- `2BM7Q`+2K2Mi Q7 HQ+H TQTmHiBQMb Q`
`2BMi`Q/m+iBQMb rBHH /2T2M/ QM i?2 +m``2Mi /Bbi`B#miBQM M/ #mM/M+2b Q7 i?2 ?2`@
#BpQ`2 +QKKmMBiB2bX AM `2b Q7 *2Mi`H 1m`QT2- QM2 KB;?i 2tT2+i i?i i?2 /Bp2`@
bBiv Q7 ?2`#BpQ`2b Bb ?B;? 2MQm;? iQ HHQr 7Q` `2+QHQMBxiBQMb- r?BH2 BM q2bi2`M M/
aQmi?2`M 1m`QT2- +iBp2 BMi`Q/m+iBQM KB;?i #2 M22/2/ U6B;X 9X9VX AM HH +b2b- +QM@
b2`piBQM K2bm`2b- H2;BbHiBQM M/ `2/m+2/ ?mKM T`2bbm`2 `2 M2+2bb`v 7Q` i?2
2bi#HBb?K2Mi Q7 pB#H2 TQTmHiBQMb Uh#X 9XkVX
S`2b+`B#2/ #m`MBM;
6B`2 +M #2 mb2/ b  iQQH BM HM/b+T2 KM;2K2Mi 7Q` irQ KBM BMi2Mib, iQ +QM@
i`QH }`2 `BbF M/ i?2 BMi2MbBiv Q7 rBH/}`2b- M/ iQ KM;2 HM/b+T2 bi`m+im`2 M/
#BQ/Bp2`bBivX S`2b+`B#2/ }`2b `2 Q7i2M mb2/ b  T`2p2MiBp2 K2bm`2 iQ +QMi`QH 7m2H
HQ/ M/ }`2 BMi2MbBiv U2X;X 62`MM/2b- kyRjVX AM //BiBQM- i?2 +QK#BMiBQM Q7 /B7@
72`2Mi }`2 `2;BK2b +M #2 mb2/ iQ KBMiBM HM/b+T2 ?2i2`Q;2M2Biv M/ ?#Bii 7Q`
bT2+B2b /2T2M/2Mi QM /Bz2`2Mi 2+Qbvbi2K bm++2bbBQMH bi;2b U.`Bb+QHH 2i HX - kyRyVX
AM `2;BQMb r?2`2 }`2 `BbF M/ b?`m# 2M+`Q+?K2Mi `2 TB`2/ i?`2ib iQ #BQ/Bp2`bBiv
+QMb2`piBQM- }`2 +M #2 mb2/ b  iQQH iQ TT`Q+? #Qi? T`Q#H2Kb UJQ`2B`  _mbbQ-
kyydVX LQM2i?2H2bb- i?2 mb2 Q7 T`2b+`B#2/ }`2b +M HbQ `Bb2 bQK2 +QMb2`piBQM Bb@
bm2bX 6Q` BMbiM+2- T`2b+`B#2/ }`2b `2 T2`7Q`K2/ /m`BM; i?2 r2i b2bQM UrBMi2` iQ
bT`BM;V r?2M i?2`2 Bb  HQr `BbF Q7 }`2 bT`2/BM;- r?BH2 Mim`H }`2b Q++m` /m`BM;
/`v /vb- 2bT2+BHHv BM bmKK2`X h?Bb /Bp2`;2M+2 BM }`2 b2bQM +M M2;iBp2Hv BK@
T+i bT2+B2b i?i `2T`Q/m+2 BM bT`BM; UpM M/2H  `QMbQM- kyRkV- bm+? b ;`QmM/
M2biBM; #B`/b- #mi HbQ i?2 T2`bBbi2M+2 Q7 THMi bT2+B2b- 7Q` 2tKTH2 #v +mbBM; T`2@
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apra pyrenaica (Iberian ibex)
































































































Kim`2 b22/ `2H2b2- Q` #v /2bi`QvBM; b22/HBM;b Q7 MMmH THMib #27Q`2 i?2v +`2i2 
b22/ #MF Uq?2HM- RNN8c "QrKM 2i HX - kyRjVX MQi?2` Bbbm2 Bb i?2 BKTHB+iBQMb
Q7 T`2b+`B#2/ }`2b 7Q` +HBKi2 +?M;2 KBiB;iBQMX G`;2 b+H2 T`2b+`B#2/ }`2b Kv
;;`pi2 +HBKi2 +?M;2- /m2 iQ i?2 2KBbbBQM Q7 ;`22M?Qmb2 ;b2b M/ 2`QbQH T`iB@
+H2b U_mbb2HH@aKBi? 2i HX - kyyNc 62`MM/2b- kyRjVX q?BH2 KQ`2 `2b2`+? Bb M22/2/ iQ
mM/2`biM/ i?2 2z2+ib Q7 T`2b+`B#2/ #m`MBM; QM +`#QM +v+H2 U62`MM/2b- kyRjV- Bi Bb
HbQ ++2Ti2/ i?i r2HH THMM2/ T`2b+`B#2/ #m`MBM; T`2p2Mib H`;2` HQbb2b Q7 +`#QM
iQ i?2 iKQbT?2`2 #v `2/m+BM; rBH/}`2 `BbF U"QrKM 2i HX - kyRjc 62`MM/2b- kyRjVX
6BMHHv- /2}MBM; i?2 `2;BK2 Q7 T`2b+`B#2/ }`2b +M #2 +?HH2M;BM; Uq?2HM- RNN8c
pM M/2H  `QMbQM- kyRkVX _2THB+iBM; Mim`H }`2 `2;BK2b Kv MQi #2 TQbbB#H2-
/m2 iQ i?2 H+F Q7 ?BbiQ`B+ BM7Q`KiBQMX Ai Kv 2p2M MQi #2 /pBb#H2- ;Bp2M +?M;2b
BM HM/b+T2 bi`m+im`2 M/- BM bQK2 `2b- BM HQ+H +HBKi2- r?B+? Kv H2/ iQ mMT`2@
/B+i2/ `2bTQMb2b iQ }`2 U.`Bb+QHH 2i HX - kyRyVX h?2`27Q`2 BM/m+2/ }`2 `2;BK2b b?QmH/
#2 THMM2/ iQ K22i i?2 /2bB`2/ Qmi+QK2b BMbi2/ Q7 i`vBM; iQ KBKB+ i?2 T`K2i2`b
Q7 Mim`H }`2 `2;BK2b Uq?2HM- RNN8VX
9XeX *QM+Hm/BM; `2K`Fb
JBHH2MMB Q7 ?mKM +iBpBiB2b ?p2 T`Q;`2bbBp2Hv `2TH+2/ Mim`H /Bbim`#M+2b- bm+?
b ?2`#BpQ`v M/ }`2- iQ b?T2 i?2 1m`QT2M HM/b+T2bX JBMiBMBM; /Bbim`#M+2@
/2T2M/2Mi ?#Biib 7i2` i?2 rBi?/`rH Q7 i?Qb2 ?mKM +iBpBiB2b Bb  /B{+mHi
`2biQ`iBQM T`Q+2bbX Ai +M #2 ;mB/2/ #v FMQrH2/;2 Q7 i?2 Tbi Uo2`- kyyyc :BHHbQM
 qBHHBb- kyy9c qBHHBb  "B`Fb- kyyec aM/QK 2i HX - kyRjV- M/ #v BKT`QpBM;
Qm` #BHBiv iQ mM/2`biM/ 2+Qbvbi2K /vMKB+b M/ T`QD2+iBM; TQi2MiBH `2biQ`iBQM
Ti?rvbX h?Bb K2Mb B/2MiB7vBM; i?2 KQbi /2bB`#H2 Qmi+QK2 BM i2`Kb Q7 #Qi? #BQ/B@
p2`bBiv M/ `2bBHB2M+2X LQM2i?2H2bb- #2bB/2b ?mKM BKT+ib QM i?2 HM/b+T2b- Qi?2`
#BQiB+ M/ #BQiB+ Hi2`iBQMb ?p2 HbQ H2/ iQ i?2 +m``2Mi 2+Qbvbi2K +QKTQbBiBQMX
h?2 +HBKi2 ?b +?M;2/ /m`BM; i?2 Tbi KBHH2MMBmK M/ bQK2 bT2+B2b ?p2 ;QM2
2tiBM+i r?BH2 Qi?2`b ?p2 BMp/2/- HH i?2b2 +?M;2b BM~m2M+BM; 2+QHQ;B+H T`Q+2bb2b
U:BHHbQM  qBHHBb- kyy9c >Q//2` 2i HX - kyyNVX h?2 BMi2`+iBQM #2ir22M ?mKM T`2b@
bm`2 M/ Mim`H +?M;2b U2X;X MQM@Mi?`QTQ;2MB+ +HBKiB+ +?M;2bV +QmH/ HbQ ?p2
H2/ iQ i?2 +`QbbBM; Q7 iBTTBM; TQBMib U:BHHbQM  qBHHBb- kyy9c ETHM 2i HX - kyRRVX
_2im`MBM; i?2 HM/b+T2b iQ i?2B` ?BbiQ`B+H +QM/BiBQMb rQmH/ i?mb #2 mM+?B2p#H2-
B7 2p2` 2p2M /2bB`#H2X h?Bb K2Mb i?i i?2 #b2HBM2 Kmbi b?B7i- MQi QMHv 7Q` i?2
TQHB+v KF2`b M/ i?2 Tm#HB+ r?Q ii`B#mi2 +mHim`H pHm2b iQ  `2HiBp2Hv `2+2Mi
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#Biib
HM/b+T2 Uo2`- kyyNV- #mi HbQ 7Q` b+B2MiBbib M/ +QMb2`piBQMBbi- bQK2 Q7 r?B+?-
QM i?2 +QMi``v- ?pBM; iQQ HQM; Q7  K2KQ`v Q7 i?2 1m`QT2M HM/b+T2X
M //BiBQMH +QM+2`M 2K2`;2b rBi? 7`KHM/ #M/QMK2Mi- r?2M- rBi?  /2+`2b2
BM ;`B+mHim`H +iBpBiB2b- ?2`#BpQ`2b HbQ #2+QK2 7mM+iBQMHHv 2tiBM+i U.QMHM 2i HX
- kyyec S2`2B` 2i HX - kyRkV- r?BH2 i?2 `iB}+BH }`2 `2;BK2 Bb Hi2`2/X >2M+2- BM
i?2 2`Hv bi;2b 7i2` HM/ #M/QMK2Mi- i?2 ǳ`2biQ`iBQM ;QHbǴ Kmbi #2 /2}M2/ iQ
/2i2`KBM2 i?2 b2i Q7 #BQiB+ M/ #BQiB+ 7+iQ`b i?i KB;?i #2 KM;2/ U"v2`b 2i HX -
kyyeVX amTTQ`iBM; HQ+H TQTmHiBQMb Q7 rBH/ ?2`#BpQ`2b- `2BMi`Q/m+BM; i?2K BM TH+2b
r?2`2 i?2v `2 #b2Mi M/ mbBM; T`2b+`B#2/ #m`MBM; +M +QMbiBimi2 i?2 }`bi bi2Tb
iQr`/b `2biQ`BM; b2H7@bmbiBM2/ 2+Qbvbi2Kb- i?Qm;? HH i?Qb2 KM;2K2Mi K2i?Q/b
?p2 i?2B` HBKBiiBQMb r?B+? m`;2 7Q` KQ`2 `2b2`+? QM i?2B` TQbbB#H2 TTHB+iBQMbX
JQ`2Qp2`- #Qi? ?2`#BpQ`2b M/ }`2 `2;BK2b Kmbi #2 `2;mHi2/ b r2HH U2X;X #v
T`2/iBQM 7Q` i?2 7Q`K2`V iQ HHQr 7Q` b2H7@bmbiBMBM; 2+Qbvbi2KbX
h?Qm;? `2rBH/BM;- BM T`+iB+2- Bb biBHH /2#i2/- bQK2 H`;2@b+H2 BMBiBiBp2b ?p2 H@
`2/v #22M BKTH2K2Mi2/- KBMHv iQ `2biQ`2 /Bbim`#M+2@/2T2M/2Mi ?#Biib M/ b@
b2bb i?2 `QH2 Q7 `2@BMi`Q/m+2/ rBH/ ;`x2`bX GBbiBM; HH i?Qb2 BMBiBiBp2b ;Q2b #2vQM/
i?2 b+QT2 Q7 i?Bb +?Ti2` U#mi b22 >2HK2` 2i HX - BM T`2bbV #mi i?2 KM;2K2Mi T@
T`Q+?2b Q7 bQK2 Q7 i?Qb2 T`QD2+ib 2t2KTHB7v i?2 M22/ 7Q`  +QMb2Mbmb QM i?2 +QM+2Ti
Q7 `2rBH/BM; Bib2H7X S`Q##Hv i?2 KQbi 7KQmb 2tKTH2 Bb i?2 PQbip`/2`bTHbb2M
BM i?2 L2i?2`HM/b-  H`;2 b+H2 Ueyyy ?V- 9y v2` HQM; T`QD2+i QM i?2 `2BMi`Q/m+@
iBQM Q7 rBH/ ?2`#BpQ`2b UaM/QK 2i HX - kyRjc ami?2`HM/- kyykVX >Qr2p2`- /2bTBi2
bQK2 bm++2bb2b- BM+Hm/BM; i?2 Mim`H `2+QHQMBxiBQM Q7 bQK2 T`2pBQmbHv 2tiBM+i #B`/
bT2+B2b Uo2`- kyyNV- i?2 /2;`22 Q7 `2rBH/BM; Bb 2ti`2K2Hv +QMi`QHH2/ BM i?2 `2 bBM+2
Bi Bb 72M+2/- MBKHb `2 bQK2iBK2b 72/ BM i?2 rBMi2`- M/ i?2 Mim`H iQT@T`2/iQ`Ƕb
;mBH/ Bb #b2MiX q?2M `2rBH/BM; Bb K2Mi iQ H2/ iQ 2+QHQ;B+H `2biQ`iBQM- `2BMi`Q@
/m+iBQMb b?QmH/ #2 QM2 Q7 i?2 iQQHb `i?2` i?M  ;QH T2` b2X JQ`2Qp2`- ?BbiQ`B+H
#b2HBM2b b?QmH/ #2 i`2i2/ b ;mB/2HBM2b- MQi b Q#D2+iBp2bX AM Qi?2` rQ`/b- `i?2`
i?M 7Q+mbBM; QM i?2 +QMb2`piBQM Q7  ;Bp2M b2i Q7 bT2+B2b Q` ?#Biib- `2rBH/BM;-
r?B+? Bb  T`Q+2bb@#b2/ +QMb2`piBQM K2bm`2 7i2` HH U"v2`b 2i HX - kyyeV- Kmbi
7Q+mb QM i?2 `2biQ`iBQM M/ T`2b2`piBQM Q7 mHiBKi2Hv b2H7@bmbiBMBM; 2+Qbvbi2KbX
+FMQrH2/K2Mib, q2 i?MF h?QKb J2`+Ft M/ *?`Bb aM/QK 7Q` BMbB;?i7mH
+QKK2Mib QM 2`HB2` p2`bBQMb Q7 i?2 KMmb+`BTiX GXJXLX rb bmTTQ`i2/ #v  ;`Mi
7`QK 6*h Ua6_>f".fek89dfkyyNVX
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8X 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b
Q7 `2rBH/BM; BM 1m`QT2
*2`[m2B` uX- Lp``Q GXJX- J2b CX- J`i@S2/`QbQ *X- >QM`/Q CX- S2`2B`
>XJX UBM T`2bbVX 1+Qbvbi2K a2`pB+2b, i?2 QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2X AM,
_2rBH/BM; 1m`QT2M GM/b+T2b- S2`2B` >XJX M/ Lp``Q GXLX U2/bVX aT`BM;2`X
ǳh?2 rBH/2`M2bb ?QH/b Mbr2`b iQ [m2biBQMb KM ?b MQi v2i H2`M2/
iQ bFXǴ
LM+v L2r?HH
upQMM2 *2`[m2B` +QM/m+i2/ i?2 `2/+iBQM M/ G2iBiB JX Lp``Q +QMi`B#mi2/ iQ
r`BiBM; b2+iBQMb Q7 i?2 +?Ti2`X GXJXLX M/ uX*X T2`7Q`K2/ i?2 [mHBiiBp2 KT@
TBM; MHvbBb M/ BMi2`T`2i2/ i?2 `2bmHibX GXJXLX T2`7Q`K2/ i?2 [mMiBiiBp2 MH@





h`p`  /2;`/Ï½Q 2 `2bim``  TH2M +T+B//2 /Qb 2+QbbBbi2Kb /2 7Q`M2+2`
b2`pBÏQb û +imHK2Mi2 mK BKTQ`iMi2 +QKT`QKBbbQ TQHőiB+Q M 1m`QTX T2b` /2
b2` BM/ mK i2K bQ# /2#i2- Q +imH #M/QMQ ;`ő+QH M 1m`QT û pBbiQ +QKQ
mK QTQ`imMB//2 T` [m2 mK MQp pBb½Q 2+QMƦKB+ 2 /2 +QMb2`pÏ½Q 2+QHƦ;B+
i2M? Hm;`- +QK  `2bim`Ï½Q /Qb T`Q+2bbQb Mim`Bb i`pûb /Q `2iQ`MQ Q 2bi/Q
b2Hp;2K- Qm `2rBH/BM;- +QKQ QTÏ½Q /2 ;2bi½Q K#B2MiHX LQ 2MiMiQ- T2b` /Q
BMi2`2bb2 2+QHƦ;B+Q 2K `2bim`` mK 1m`QT KBb b2Hp;2K- û M2+2bb`BQ 2M+QMi``
`;mK2MiQb #b2/Qb 2K 2pB/āM+Bb 2 2tTHQ`` Qb BKT+iQb /2 KTHQ H+M+2 /Q
`2rBH/BM;X
L2bi2 +TőimHQ MHBbKQb T`BK2B`Q Qb T/`Ǥ2b 2bT+BBb /Qb b2`pBÏQb /2 2+QbbBbi2K
iMiQ M l1k8 +QKQ 2K xQMb b2Hp;2MbX i`pûb /2bi MHBb2- B/2MiB}+KQb `2b
+QK 2H2p/ Q72`i /2 b2`pBÏQb /2 2+QbbBbi2Kb- b [mBb +QBM+B/2K T`BM+BTHK2Mi2
+QK `2b Ub2KBV Mim`Bb 2 /2 ~Q`2bi- 2K T`iB+mH` Mb `2;BǤ2b KQMiM?QbbX
.Bb+miBKQb iK#ûK Q 2bi/Q 2 b K2Ïb- `2bmHiMi2b /2 Hi2`ÏǤ2b MQ mbQ /Q bQHQ-
Q 7Q`M2+BK2MiQ /Qb b2`pBÏQb /2 2+QbbBbi2KX
1K b2;mB/- T`Q+2/2KQb +QK mK MHBb2 [mHBiiBp / Q72`i /2 b2`pBÏQb /2 2+Qb@
bBbi2K Mb `2;BǤ2b / 1m`QT 2K [m2 mK 2H2p/ [mHB//2 /2 `2;BǤ2b b2Hp;2Mb
UrBH/2`M2bbV 7QB 2M+QMi`/X 1K T`iB+mH`- B/2MiB}+KQb [mi`Q T`BM+BTBb iBTQb
/2 `2;BǤ2b, #Bt Q72`i /2 b2`pBÏQb /2 2+QbbBbi2Kb 2 #Bt [mHB//2 /Qb ?#Biib
b2Hp;2Mbc #Bt Q72`i /2 b2`pBÏQb /2 2+QbbBbi2Kb 2 2H2p/ [mHB//2 /Qb ?#Biib
b2Hp;2Mbc 2H2p/ Q72`i /2 b2`pBÏQb /2 2+QbbBbi2Kb 2 #Bt [mHB//2 /Qb ?#B@
iib b2Hp;2Mbc 2 2H2p/ Q72`i /2 b2`pBÏQb /2 2+QbbBbi2K 2 2H2p/ [mHB//2 /Qb
?#Biib b2Hp;2MbX 1K T`BK2B`Q Hm;`- /2i2`KBMKQb [m2 H;mKb /b `2b /2
2H2p/ [mHB//2 /2 ?#Biib b2Hp;2Mb 2M+QMi`K@b2 bbQ+B/b ¨b `2;BǤ2b- T`BM@
+BTHK2Mi2 2K bBbi2Kb KQMiM?QbQb- [m2 7Q`M2+2K KBb b2`pBÏQb /2 2+QbbBbi2KX
 /Bbi`B#mBÏ½Q 2bT+BH /Qb b2`pBÏQb /2 `2;mHÏ½Q +QBM+B/2 iK#ûK `2HiBpK2Mi2
#2K +QK  [mHB//2 /2bi2b ?#Biib b2Hp;2Mb- 2K [m2 ;`M/2b `2b / 1m`QT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*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
+QMiāK iMiQ 2H2p/ Q72`i /2 b2`pBÏQb /2 2+QbbBbi2K +QKQ 2H2p/ [mHB//2 /2
?#Biib b2Hp;2Mb U2tX LQ`i2 / S2MBMbmH A#û`B+ 2 mbi`BVX 6BMHK2Mi2- T` Qb
b2`pBÏQb `2+`2iBpQb- 2M+QMi`KQb mK T`2/QKBMM+B /2 `2b iMiQ /2 #Bt Q72`i
/2 b2`pBÏQb 2 #Bt [mHB//2 b2Hp;2K +QKQ 2H2p/ Q72`i /2 b2`pBÏQb 2 2H2p/
[mHB//2 /Qb ?#Biib b2Hp;2MbX
a2;mB/K2Mi2- 2tTHQ`KQb [mMiBiiBpK2Mi2  Q72`i /2 b2`pBÏQb /2 2+QbbBbi2K M
2ti2Mb½Q / S2MőMbmH A#û`B+X i`pûb / +QKT`Ï½Q / /Bbi`B#mBÏ½Q /Qb pHQ`2b
/2 BM/B+/Q`2b T`  Q72`i /2 b2`pBÏQb /2 2+QbbBbi2K 2Mi`2 ǳ`2b +imHK2Mi2
+mHiBp/bǴ- ǳ`2b +mHiBp/b- Kb +QK #M/QMQ T`2pBbiQǴ 2 ǳ`2b MQb 8W K2H@
?Q`2b ?#Biib b2Hp;2Mb B#û`B+QbǴ- TQ/2KQb pHB` b2 mK mK2MiQ Qm /BKBMmBÏ½Q
M Q72`i /Qb b2`pBÏQb /2 2+QbbBbi2K 2bim//Qb Q+Q``2`B b2 Q #M/QMQ ;`ő+QH 2 Q
`2rBH/BM; Q+Q``2bb2KX 1K T`iB+mH`- +QHQ+KQb  ?BTƦi2b2 /2 [m2 Q 7Q`M2+BK2MiQ /2
;m /Q+2- b `2b2`pb /2 +`#QMQ-  `2;mHÏ½Q /Q +B+HQ / ;m-  [mHB//2 /Q `
2 b `2b `2+`2iBpb mK2Mi`BK b2  `2 /2 ?#Biib b2Hp;2Mb 7Qbb2 2tTM/B/
M 1m`QTX *QKQ `2bmHi/Q- 2 M½Q bm`T`22M/2Mi2K2Mi2-  T`Q/mÏ½Q /2 HBK2MiQb
iK#ûK /BKBMmB`B M2bib `2bX .Bb+miBKQb BM/ Q TQi2M+BH /Q `2rBH/BM; T` mK
mK2MiQ / Q72`i iMiQ /Qb b2`pBÏQb /2 `2;mHÏ½Q +QKQ +mHim`Bb- BMp2biB;M/Q +@
bQb /Q+mK2Mi/Qb /2 KBQ` Q72`i /2 b2`pBÏQb /2 2+QbbBbi2K bbQ+B/Qb Q `2rBH/BM;
2fQm  `2b b2Hp;2MbX
bbmKBM/Q [m2 ?#Biib b2Hp;2Mb /2 2H2p/ [mHB//2 b½Q mK #Q T`QtBKÏ½Q
Q `2rBH/BM;- Qb MQbbQb `2bmHi/Qb bm;2`2K [m2 2b7Q`ÏQb T` Q `2iQ`MQ /Qb ?#Biib
b2Hp;2Mb 2K iQ/  1m`QT B`BK `27Q`Ï`  +T+B//2 /Qb 2+QbbBbi2Kb 2K 7Q`M2+2`
2H2p/Qb b2`pBÏQb +mHim`Bb 2 /2 `2;mHÏ½Q- `;mK2MiM/Q bbBK  7pQ` /Q `2rBH/BM;
+QKQ mK 72``K2Mi /2 `2bim`Ï½Q /2 i2``b ;`ő+QHb #M/QM/bX
SHp`b@+?p2, b2`pBÏQb /2 2+QbbBbi2Kb- ?#Biib b2Hp;2Mb- #2M27ő+BQb- #M/QMQ
;`ő+QH- #2K@2bi` ?mKMQ- `2iQ`MQ /2 ?#Biib b2Hp;2Mb U`2rBH/BK;V
Ny
1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7
`2rBH/BM; BM 1m`QT2
#bi`+i, >HiBM; i?2 /2;`/iBQM M/ `2biQ`BM; i?2 7mHH +T+Biv Q7 2+Qbvbi2Kb
iQ /2HBp2` 2+Qbvbi2K b2`pB+2b Bb +m``2MiHv  KDQ` TQHBiB+H +QKKBiK2Mi BM 1m`QT2X
Hi?Qm;? biBHH  /2#i2/ iQTB+- 1m`QT2b QM@;QBM; 7`KHM/ #M/QMK2Mi Bb b22M
b M QTTQ`imMBiv iQ HmM+?  M2r +QMb2`piBQM M/ 2+QMQKB+ pBbBQM- i?`Qm;? i?2
`2biQ`iBQM Q7 Mim`H T`Q+2bb2b pB `2rBH/BM; b  HM/ KM;2K2Mi QTiBQMX .2@
bTBi2 i?2 2+QHQ;B+H BMi2`2bi Q7 `2biQ`BM;  rBH/2` 1m`QT2- i?2`2 Bb  M22/ iQ ;2M2`i2
2pB/2M+2@#b2/ `;mK2Mib M/ 2tTHQ`2 i?2 #`Q/@`M;2 BKT+ib Q7 `2rBH/BM;X AM i?Bb
+?Ti2` r2 +QMi`B#mi2 iQ i?2 QM@;QBM; /2#i2 QM `2rBH/BM; #v }`bi MHvxBM; i?2
bTiBH Tii2`Mb Q7 2+Qbvbi2K b2`pB+2b BM #Qi? i?2 1lk8 M/ BM rBH/2`M2bb `2bX
q2 bm#b2[m2MiHv [mMiBiiBp2Hv 2tTHQ`2 i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b BM i?2 iQT
8W rBH/2`M2bb `2b- QM ;`B+mHim`H HM/- M/ QM HM/ T`QD2+i2/ iQ #2 #M/QM2/-
i i?2 2ti2Mi Q7 i?2 A#2`BM S2MBMbmHX q2 /2i2`KBM2 i?i ?B;? [mHBiv rBH/2`M2bb
Bb Q7i2M bbQ+Bi2/ iQ ?B;? bmTTHv Q7 2+Qbvbi2K b2`pB+2b- KBMHv `2;mHiBM; M/ +mH@
im`H- bT2+B}+HHv BM KQmMiBM `2;BQMbX bbmKBM; i?i ?B;? [mHBiv rBH/2`M2bb Bb 
;QQ/ T`Qtv 7Q` `2rBH/BM;- Qm` `2bmHib bm;;2bi i?i `2rBH/BM; 2zQ`ib i?`Qm;?Qmi 1m@
`QT2 rBHH 2M?M+2 i?2 +T+Biv Q7 2+Qbvbi2Kb iQ bmTTHv ?B;? `2;mHiBM; M/ +mHim`H
2+Qbvbi2K b2`pB+2b- bm+? b +`#QM b2[m2bi`iBQM M/ `2+`2iBQMX
E2vrQ`/b, 2+Qbvbi2K b2`pB+2b- rBH/2`M2bb- #2M2}ib- 7`KHM/ #M/QMK2Mi- ?m@
KM r2HH@#2BM;- `2rBH/BM;
8XRX AMi`Q/m+iBQM
1+Qbvbi2K b2`pB+2b ?p2 #22M /2}M2/ b i?2 #2M2}ib ?mKMb /2`Bp2 7`QK Mim`2
i?`Qm;?  b2i Q7 2+Qbvbi2K 7mM+iBQMbX h?2 JBHH2MMBmK 1+Qbvbi2K bb2bbK2Mi UJV
NR
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
rb i?2 bi2TTBM; biQM2 BM T`QpB/BM;  +QM+2TimH 7`K2rQ`F 7Q` 2+Qbvbi2K b2`pB+2b
b r2HH b- bb2bbBM; i?2 +QMb2[m2M+2b Q7 2+Qbvbi2K +?M;2 7Q` ?mKM r2HH@#2BM;
M/ i?2 Qp2`HH ;HQ#H i`2M/bX aBM+2 Bib Tm#HB+iBQM UJ- kyy8V- KmHiBTH2 +HbbB}@
+iBQM b+?2K2b 7Q` 2+Qbvbi2K b2`pB+2b ?p2 #22M T`QTQb2/- bm+? b h?2 1+QMQKB+b
Q7 1+Qbvbi2K "BQ/Bp2`bBiv Uh11"- kyRkV M/- KQ`2 `2+2MiHv- i?2 *A*1a U*QK@
KQM AMi2`MiBQMH *HbbB}+iBQM Q7 1+Qbvbi2K a2`pB+2bVX /QTi2/ #v i?2 1m`QT2M
*QKKBbbBQM 7Q` i?2 M2r "BQ/Bp2`bBiv ai`i2;v 7Q` kyRR@kyky UJ2b 2i HX - kyRjV-
i?2 *A*1a +i2;Q`Bx2b 2+Qbvbi2K b2`pB+2b BMiQ j ;`QmTb U>BM2b@uQmM;  SQib+?BM-
kyRkV, T`QpBbBQMBM; U2X;X 7QQ/- }#2`- 7m2H M/ ri2`V- `2;mHiBM; M/ KBMi2MM+2
U2X;X B` [mHBiv- ri2` M/ bQBH `2;mHiBQM- Mim`H ?x`/ `2;mHiBQM- +HBKi2 `2;m@
HiBQM M/ /Bb2b2 +QMi`QHV M/ +mHim`H U2X;X `2+`2iBQM M/ bTB`BimHVX
Hi?Qm;? bQ+B2iv +M 2bBHv T2`+2Bp2 T`QpBbBQMBM; 2+Qbvbi2K b2`pB+2b bm+? b +`QTb-
}b? M/ 7`2b?ri2`- r?B+? `2 HH /B`2+i #2M2}ib iQ ?mKMb- Qi?2`b- bm+? b TQHHB@
MiBQM- 2`QbBQM +QMi`QH M/ +HBKi2 `2;mHiBQM `2 H2bb iM;B#H2X >Qr2p2`- /B`2+iHv
Q` BM/B`2+iHv- HH 2+Qbvbi2K b2`pB+2b mM/2`TBM 2MpB`QMK2MiH M/ ?mKM r2HH@#2BM;-
2+QMQKv- M/ #mbBM2bb2b UJ- kyy8VX JMv b2`pB+2b `2 MQi i`/2/ BM i?2 +QM@
p2MiBQMH K`F2ib M/ ?2M+2- i?2B` 2+QMQKB+ pHm2b `2KBM BMpBbB#H2- i2M/BM; iQ #2
mM/2`pHm2/ M/ +QMb2[m2MiHv Qp2`2tTHQBi2/ U/2 :`QQi 2i HX - kyRkVX u2i- QM+2 HQbi-
`2TH+2K2Mi +M #2 +QbiHvX q2iHM/b- 7Q` 2tKTH2- T`QpB/2 MmK2`Qmb `2;mHiBM;
b2`pB+2b U2X;X ri2` Tm`B}+iBQM M/ ~QQ/fbiQ`K T`Qi2+iBQMV- r?B+? `2 mMMQiB+2/-
BM +QMi`bi iQ T`QpBbBQMBM; b2`pB+2b U2X;X iBK#2` M/ 7QQ/V- #mi ?B;?Hv pHm#H2 bBM+2
/2;`/iBQM +M H2/ iQ ?B;? `2TH+2K2Mi +Qbib U_22/ 2i HX - kyRjVX
h?`Qm;?Qmi i?2 rQ`H/- 2+Qbvbi2K b2`pB+2b ?p2 #22M mb2/ b  iQQH BM +QMb2`p@
iBQM M/ /2p2HQTK2Mi b r2HH b TQp2`iv HH2pBiBQM UhHHBb 2i HX - kyy3VX >Qr2p2`-
KMv +QMb2`piBQM 2zQ`ib ?p2 #22M mMbm++2bb7mH /m2 iQ ?mKM KBbKM;2K2Mi Q7
2+Qbvbi2K b2`pB+2bX h?2 r`2M2bb i?i 2+Qbvbi2K b2`pB+2b z2+i ?mKM r2HH@#2BM;
M/ 2+QMQKB+ /2p2HQTK2Mi ?b `2bmHi2/ BM i?2B` BMi2;`iBQM BM TQHB+B2b M/ ;Qp2`M@
K2Mi bi`i2;B2b M/ i?2 KQbi `2+2Mi 1l "BQ/Bp2`bBiv ai`i2;v 1m`QT2M *QKKBbbBQM
UkyRR#VX h?Bb M2r bi`i2;v b2ib ;QHb iQ ?Hi #Qi? #BQ/Bp2`bBiv HQbb M/ i?2 /2;`@
/iBQM Q7 2+Qbvbi2K b2`pB+2bX AM T`iB+mH`- Bi BM+Hm/2b i?2 T`Qi2+iBQM Q7 rBH/2`M2bb-
bT2+B}+HHv QH/ ;`Qri? 7Q`2biX hQ/v- 98W Q7 1m`QT2Ƕb HM/ +Qp2` Bb 7Q`2bi UR #BHHBQM
?V #mi QMHv 9W Bb mM/Bbim`#2/ 7Q`2bi Ue KBHHBQM ?VX S`Qi2+iBM; i?2b2 2+Qbvbi2Kb
Bb BKTQ`iMi b i?2v bmTTQ`i ?B;? [mHBiv 2+Qbvbi2K b2`pB+2b- bm+? b `2+`2iBQM
M/ B` [mHBiv UJ2b 2i HX - kyRk#VX AM+`2bBM; i?2b2 T2`+2Mi;2b +QmH/ ;`2iHv
BKT`Qp2 i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b T`QpB/2/ #v Mim`H ?#Biib Q7 MQ ?mKM
Nk
8Xk 1m`QT2 M/ 1+Qbvbi2K b2`pB+2b
BM~m2M+2X h?Bb M2r +QMb2`piBQM bi`i2;v ;Q2b ?M/ BM ?M/ rBi?  7B`Hv `2+2Mi
BMBiBiBp2- ǳ_2rBH/BM; 1m`QT2Ǵ r?B+? BKb iQ `2rBH/ QM2 KBHHBQM ?2+i`2b Q7 HM/ #v
kyky U>2HK2` 2i HX - BM T`2bbVX AM T`iB+mH`- i?2 2K2`;2M+2 Q7 i?2 `2rBH/BM; iQTB+
Bb b22M b M QTTQ`imMBiv 7Q` `m`H `2b- r?B+? ?p2 mM/2`;QM2 HM/ #M/QMK2Mi
i?`Qm;?Qmi i?2 Tbi /2+/2b Ub22 +?Ti2` kVX >Qr2p2`- r2 ?p2 v2i iQ /2i2`KBM2 B7
`2rBH/2/ `2b rBHH T`QKQi2 i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b 7mM/K2MiH 7Q` ?mKM
r2HH@#2BM;X
AM i?Bb +?Ti2`- r2 }`bi BMp2biB;i2 i?2 bmTTHv M/ bTiBH /Bbi`B#miBQM Q7 2+Qbvb@
i2K b2`pB+2b QM  TM@1m`QT2M b+H2 #27Q`2 +QKT`BM; Bi rBi? i?2 Q++m``2M+2 Q7
rBH/2`M2bb `2bX q2 i?2M mb2 i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b BM rBH/2`M2bb `2b
b  T`Qtv 7Q` `2b i?i `2 T`QD2+i2/ iQ mM/2`;Q HM/ #M/QMK2Mi M/ `2rBH/@
BM;X 6BMHHv- r2 /Bb+mbb i?2 p`BQmb 2+QMQKB+ M/ 2+QHQ;B+H #2M2}ib Q7 `2rBH/BM; BM
1m`QT2X
8XkX 1m`QT2 M/ 1+Qbvbi2K b2`pB+2b
*m``2Mi bmTTHv Q7 2+Qbvbi2K b2`pB+2b
1+Qbvbi2Kb T`QpB/2  MmK#2` Q7 2bb2MiBH b2`pB+2b mM/2`TBMMBM; HH ?mKM HB72 M/
+iBpBiB2bX >Qr2p2`- i?2 +QMiBMmM+2 Q7 i?2 p`BQmb 2+Qbvbi2K b2`pB+2b Bb QMHv TQbbB#H2
i?`Qm;? i?2 `2+Q;MBiBQM Q7 2+Qbvbi2KbǶ KmHiBTH2 7mM+iBQMb BMi2;`i2/ BM KM;2K2Mi
bi`i2;B2bX hQ KM;2 7Q` KmHiBTH2 2+Qbvbi2K b2`pB+2b r2 M22/ iQ KT M/ B/2MiB7v
i?2 bTiBH bvM2`;B2b M/ i`/2@Qzb #2ir22M b2`pB+2b U_m/b2TT@>2`M2 2i HX - kyRyc
J2b 2i HX - kyRk#VX AM /QBM; bQ- r2 `2 #H2 iQ B/2MiB7v 2+Qbvbi2Kb bmTTQ`iBM; ?B;?
H2p2H Q7 b2`pB+2b M/ #BQ/Bp2`bBiv U*?M 2i HX - kyyeVX HQM; i?2 v2`b- i?2 MmK#2`
Q7 bim/B2b KTTBM; 2+Qbvbi2K b2`pB+2b M/ b+2M`BQ #mBH/BM; ?b ;`QrM- BM7Q`KBM;
#Qi? THMM2`b M/ /2+BbBQM KF2`b- T`BQ`BiBxBM; i?2 T`Qi2+iBQMb M/ KM;2K2Mi Q7
2+Qbvbi2Kb U*?M 2i HX - kyyeV M/ //BiBQMHHv- /2HBM2iBM; +Qbi@2z2+iBp2 K2bm`2b
U1;Q? 2i HX - kyy3c LB/QQ  _B+F2iib- kyyeVX
h?2 BMi2;`iBQM Q7 2+Qbvbi2K b2`pB+2b BMiQ +m``2Mi +QMb2`piBQM bi`i2;B2b 2Mbm`2b
7mim`2 bmbiBM#BHBivX >Qr2p2`- i?Bb BMi2;`iBQM ?b QMHv `2+2MiHv b+`i+?2/ i?2 bm`@
7+2X AM i?2 1l "BQ/Bp2`bBiv ai`i2;v 7Q` kyky- i?2 M22/ 7Q` bTiBH bb2bbK2Mi Q7
2+Qbvbi2K b2`pB+2b ?b #22M BM+Hm/2/ b QM2 Q7 i?2 F2v +iBQMb U1m`QT2M *QK@
KBbbBQM- kyRRVX lM/2` +iBQM 8- HH 1l J2K#2` aii2b `2 `2[mB`2/ iQ KT M/
Nj
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
h#H2 8XRX, GBbi Q7 i?2 1+Qbvbi2K a2`pB+2b M/ +Q``2bTQM/BM; BM/B+iQ`b mb2/ BM
i?2 bim/v U/Ti2/ 7`QK J2b 2i HX - kyRRVX >LSS /i r2`2 Q#iBM2/ 7`QK
>#2`H 2i HX UkyydVX
bb2bb i?2 bii2 Q7 2+Qbvbi2Kb M/ i?2B` b2`pB+2b #v kyR9- //`2bb2/ #v i?2 qQ`FBM;
:`QmT M/ JTTBM; M/ bb2bbK2Mi Q7 1+Qbvbi2Kb M/ i?2B` a2`pB+2b UJ1aVX
h?2 `2bmHib Q7 i?Bb +iBQM rBHH ?2HT BM7Q`K TQHB+vKF2`b #mi HbQ +QMi`B#mi2 iQ i?2
bb2bbK2Mi Q7 i?2 2+QMQKB+ pHm2 Q7 2+Qbvbi2K b2`pB+2b r?B+? `2 iQ #2 BMi2;`i2/
BMiQ i?2 ++QmMiBM; M/ `2TQ`iBM; bvbi2Kb i #Qi? 1l M/ MiBQMH H2p2H #v kyky
U1m`QT2M *QKKBbbBQM- kyRR#VX
h?2 bTiBH KTTBM; Q7 2+Qbvbi2K b2`pB+2b i?`Qm;?Qmi 1m`QT2 7Q`Kb i?2 7`K2rQ`F
7Q` i?2 }`bi T`i Q7 i?Bb bim/vX  iQiH Q7 d 2+Qbvbi2K b2`pB+2b- `2T`2b2Mi2/ #v N
BM/B+iQ`b- r2`2 +QMbB/2`2/ 7Q` i?Bb MHvbBb Uh#X 8XRVX AM Q`/2` 7Q` 2+? 2+Qbvbi2K
b2`pB+2 iQ +QMi`B#mi2 2[mHHv iQ i?2 MHvbBb- M/ 7QHHQrBM; i?2 K2i?Q/ Q7 S2ii2`
2i HX UkyRjV- r2 biM/`/Bx2/ i?2 /i #v `2+HbbB7vBM; 2+? b2`pB+2 BMiQ  [mM@
iBH2 bTHBi- T`Q/m+BM;  `M;2 Q7 b+Q`2b 7`QK R iQ 8 U}p2 K2MBM; ?B;? bmTTHv Q7 
bT2+B}+ b2`pB+2VX q2 i?2M bmKK2/ i?2 N BM/B+iQ`b iQ T`Q/m+2  KT Q7 ǳiQiHǴ
2+Qbvbi2K b2`pB+2b bmTTHv +`Qbb 1m`QT2 U6B;X 8XRXVX q2 mb2/ i?2 >LSS U>mKM
N9
8Xk 1m`QT2 M/ 1+Qbvbi2K b2`pB+2b
TT`QT`BiBQM Q7 L2i S`BK`v S`Q/m+iBQMV /i T`2b2Mi2/ BM >#2`H 2i HX UkyydV-
b i?2 BM/B+iQ` 7Q` 7QQ/ T`QpBbBQMX h?2 >LSS pHm2b r2`2 QMHv 2ti`+i2/ rBi?BM
;`B+mHim`H HM/ b iQ MQi `2T2i i?2 BM7Q`KiBQM QM i?2 T`QpBbBQM Q7 iBK#2`X
Pm` }M/BM;b b?Qr  MQM@bm`T`BbBM; bTiBH +Q``2HiBQM #2ir22M i?2 bmTTHv Q7 b2`pB+2b
M/ i?2 1m`QT2M HM/@+Qp2` U6B;X 8XRX"VX GQr biQ+Fb 7Q` 2+Qbvbi2K b2`pB+2 bmTTHv
TT2` KBMHv `QmM/ m`#MBx2/ M/ /2Mb2Hv TQTmHi2/ `2b M/ BM `#H2 HM/-
2X; BM +2Mi`H M/ 2bi2`M aTBM- aQmi?2`M _QKMB- 1bi2`M lE- M/ .2MK`FX
>Qr2p2`- HQr iQiH bmTTHv Q7 b2`pB+2b /Q2bMǶi K2M  HQr [mHBiv Q7 i?2 bmTTHv Q7
BM/BpB/mH b2`pB+2bX 6Q` 2tKTH2- 2p2M B7 7QQ/ T`Q/m+iBQM r2`2 i i?2B` ?B;?2bi H2p2H
BM bQK2 `2b- B7 i?i Bb i?2 QMHv b2`pB+2b T`QpB/2/- bm+? `2 rQmH/ TT2` BM i?2 HQr
`M;2 Q7 i?2 KTX >B;? 2+Qbvbi2K bmTTHv Q++m`b KBMHv BM Tbim`2b- 7Q`2bib- M/
Ub2KBV Mim`H `2b- bm+? b i?2 LQ`i?@r2bi A#2`B- a+M/BMpB- +2Mi`H 6`M+2-
M/ +2Mi`H _QKMBX
Pp2`HH- r2 HbQ Q#b2`p2 i?i F2v `2b Q7 2+Qbvbi2K b2`pB+2 bmTTHv BM 1m`QT2 +Q@
BM+B/2 rBi? KQmMiBM `2;BQMb U6B;X 8XRXV- KBMHv +QMbBbiBM; Q7 7Q`2bi M/ Ub2KBV@
Mim`H `2b U6B;X 8XRX"VX b  Kii2` Q7 7+i- /2Mb2 7Q`2bi +Qp2` BM KQmMiBM `2b-
M/ `2;BQMb `B+? BM r2iHM/b UBM+Hm/BM; KQmMiBM M/ HQrHM/bV ?p2 #22M T`2pB@
QmbHv bb2bb2/ b `2;BQMb Q7 ?B;? 2+Qbvbi2K b2`pB+2 bmTTHv UJ2b 2i HX - kyRkVX
LQM2i?2H2bb- i?Bb /Q2b MQi K2M i?i MQM@KQmMiBM `2b /Q MQi bmTTHv pHm#H2
2+Qbvbi2K b2`pB+2bX 6Q` 2tKTH2- BMi2MbBp2Hv KM;2/ ;`Q@2+Qbvbi2Kb `2 ;2M2`@
HHv bbQ+Bi2/ iQ ~ii2` KQ`2 72`iBH2 `2;BQMb BM 1m`QT2 M/ +QMbB/2`2/ 2bb2MiBH 7QQ/
bQm`+2 T`QpB/2`bX
*?M;2b BM ?mKM /2KM/ 7Q` b2`pB+2b bbQ+Bi2/ rBi? bT2+B}+ HM/ mb2b ?p2 b?QrM
/Bp2`;BM; i`2M/b BM 1m`QT2- p`vBM; #2ir22M `2;BQMbX AM ;2M2`H i?2 /2KM/ 7Q`
+`QTb- iBK#2` UKBMHv BM MQ`i?2`M +QmMi`B2bV- 7`2b?ri2`- M/ `2+`2iBQM ?b BM@
+`2b2/ BM i?2 Hbi 8y v2`b r?BH2 HBp2biQ+F T`Q/m+iBQM M/ rBH/ 7QQ/b bmTTHv ?p2
7QHHQr2/  /2+`2bBM; i`2M/ i?`Qm;?Qmi Km+? Q7 1m`QT2Ƕb `m`H `2b U>``BbQM 2i HX
- kyRyVX .m`BM; i?Bb T2`BQ/ i?2 [mHBiv Q7 bQK2 2+Qbvbi2K b2`pB+2b ?p2 BKT`Qp2/-
KBMHv i?Qb2 b2`pB+2b bbQ+Bi2/ iQ 7Q`2bi 2+Qbvbi2Kb BM KQmMiBM bvbi2Kb UBX2X iBK@
#2` T`Q/m+iBQM- 7`2b?ri2` T`QpBbBQM- 2`QbBQM M/ Mim`H ?x`/ `2;mHiBQM- M/
`2+`2iBQMV- T`iHv /m2 iQ  /2+`2b2 BM ?mKM T`2bbm`2 BM `2KQi2 `2b Q7 i?2 +QM@
iBM2Mi U>``BbQM 2i HX - kyRyVX
N8









































8Xk 1m`QT2 M/ 1+Qbvbi2K b2`pB+2b
h?`2ib M/ QTTQ`imMBiB2b
aQ+B2iv ?b HQM; i?2 v2`b iF2M 7Q` ;`Mi2/ i?2 b2`pB+2b i?i `2 T`QpB/2/ #v Mi@
m`H 2+Qbvbi2Kb- 2t2`iBM; T`2bbm`2b /m2 iQ ?mKM /2KM/X h?Bb ?b H2/ iQ i?2
mMbmbiBM#H2 mb2 M/ /2;`/iBQM Q7 i?2B` Mim`H 7mM+iBQMb M/ T`Q+2bb2b- /Bb`2@
;`/BM; i?2 7+i i?i 2+Qbvbi2Kb `2 7mM/K2MiH BM T`QpB/BM; ;QQ/b M/ b2`pB+2b
2bb2MiBH iQ ?mKM r2HH@#2BM; M/ 2+QMQKv Uh11"- kyRyVX h?2 JBHH2MMBmK 1+Qbvb@
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b #22M +i2;Q`Bx2/ 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HX - kyRRVX Pi?2` /`Bp2`b Q7 bm#bi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+iB+2b M/ KBbKM;2K2Mi
i?`Qm;? 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/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b 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i2b 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im`H `2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b 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Kb ?p2 BMi2;`i2/ i?2 mb2 Q7 rBH/ `2b iQ //`2bb m`#M Bbbm2b bm+? b
vQmi? i `BbF- vQmi? /2p2HQTK2Mi M/ `2?#BHBiiBQM U>BHH- kyydV- M/ `2+Q;MBx2/ b
 +Qbi@2z2+iBp2 7Q`K Q7 ?2Hi?+`2X AM //BiBQM- rBH/2`M2bb BMbTB`2b 2/m+iBQMH T`Q@
;`Kb U2X;X CQ#b2 2i HX - BM T`2bbVX qBH/2`M2bb `2b HbQ T`QpB/2 bTB`BimH #2M2}ib-
bm+? b- bQHBim/2- TH+2b Q7 BMbTB`iBQM-  +HK 2MpB`QMK2Mi- M/ `2+`2iBQMfiQm`BbK
U>2BMixKM- kyRjc 1r2`i 2i HX - kyRRVX h?2b2 bQ+BH #2M2}ib +M ;Bp2 #B`i? iQ
2KTHQvK2Mi QTTQ`imMBiB2b M/ i?mb ;2M2`i2 BM+QK2X 6Q` 2tKTH2- i?2 PmHMF
LiBQMH S`F BM 6BMHM/ #`BM;b īR9 KBHHBQM T2` v2` iQ i?2 HQ+H 2+QMQKv M/
2KTHQvb R3j BM/BpB/mHb U>m?iH 2i HX - kyRyVX
JTTBM; K2i?Q/b
q2 mb2/ *`p2`Ƕb UkyRyV rBH/2`M2bb [mHBiv KT M/ i?2 bK2 [mMiBH2 TT`Q+?
/2b+`B#2/ 2`HB2` BM i?2 T`2pBQmb b2+iBQM iQ T`Q/m+2  ;`/B2Mi Q7 rBH/2`M2bb [mHBiv
rBi? [mHBiiBp2 pHm2b `M;BM; #2ir22M R M/ 9 U9 K2MBM; i?2 ?B;?2bi rBH/2`M2bb
[mMiBH2 M/ ?B;? bmTTHv Q7 2+Qbvbi2K b2`pB+2bVX q2 i?2M T`Q+22/ iQ ;`QmTBM; i?2
2+Qbvbi2K b2`pB+2b BMiQ T`QpBbBQMBM;- `2;mHiBM;- M/ +mHim`H b2`pB+2b M/ 7QHHQr2/
i?2 bK2 bTHBiiBM; TT`Q+? 7Q` 2+? +i2;Q`v Q7 b2`pB+2X h?2 2+Qbvbi2K b2`pB+2b
KTb r2`2 i?2M Qp2`HB/ rBi? i?2 rBH/2`M2bb KTX hQ /2i2`KBM2 i?2 `2HiBQMb?BT
#2ir22M ;`/B2Mib Q7 #Qi? 2+Qbvbi2K b2`pB+2b bmTTHv M/ rBH/2`M2bb [mHBiv- r2 /Bb@
THv i?2 Qp2`Hv Q7 ?B;? M/ HQr rBH/2`M2bb rBi? ?B;? M/ HQr bmTTHv Q7 2+Qbvbi2K
b2`pB+2b U6B;X 8XkXX-"X-*X M/ .XVX 6m`i?2`KQ`2- r2 mb2/ i?2 T`QD2+iBQMb Q7 i?2
*Gl1 KQ/2H Uo2`#m`;  Pp2`K`b- kyyNV iQ bb2bb i?2 TQi2MiBH +?M;2 BM i?2 T`Q@
pBbBQM Q7 2+Qbvbi2K b2`pB+2b rBi? b+2M`BQb Q7 HM/ #M/QMK2Mi M/ `2rBH/BM; BM
1m`QT2 7Q` kyjyX q2 +QMbB/2`2/ b TQi2MiBH HM/ #M/QMK2Mi M/ `2rBH/BM; i?2
+2HHb +HbbB}2/ b `#H2 HM/- Tbim`2- B``B;i2/ `#H2 HM/- T2`KM2Mi +`QTb BM kyyy
M/ +HbbB}2/ b Ub2KBV@Mim`H p2;2iiBQM- 7Q`2bi- `2+2MiHv #M/QM2/ `#H2 HM/
M/ `2+2MiHv #M/QM2/ Tbim`2 HM/ BM kyjy +QKKQM iQ HH 7Qm` 1l_l_GAa b+2@
M`BQbX 6Q` [mMiBiiBp2 +QKT`BbQMb- r2 +H+mHi2/ i?2 K2M T`QpBbBQM Q7 2+Qbvbi2K
b2`pB+2 UT2` FKkV BM ;`B+mHim`H `2b U#b2/ QM i?2 kyyy HM/ mb2 KT- BM o2`#m`;
 Pp2`K`b- kyyNV- BM i?2 iQT 8W ?B;? [mHBiv rBH/2`M2bb- M/ BM i?2 `2b +m``2MiHv
mM/2` ;`B+mHim`H mb2 #mi T`QD2+i2/ iQ #2+QK2 #M/QM2/ #v kyjy- BM i?2 A#2`BM
S2MBMbmHX aB;MB}+Mi /Bz2`2M+2b #2ir22M i?2 /Bbi`B#miBQMb Q7 i?2 pHm2b 7Q` 2+?
RyR
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
ivT2 Q7 HM/@mb2 r2`2 i2bi2/ mbBM;  E`mbFH qHHBb i2biX 6BMHHv- i?2 `iBQ #2ir22M
i?2 p2`;2 bmTTHv Q7 2+? BM/B+iQ`- M/ i?2 +QKKQM ?B;?2bi pHm2 7Q` i?2b2 BM/B@
+iQ`b- r2`2 +H+mHi2/ BM HH i?`22 HM/@mb2b ivT2 bim/B2/ BM Q`/2` iQ +QKT`2 i?2
`2HiBp2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b BM 2+? +b2X HH KTTBM; M/ /i 2ti`+iBQM
r2`2 /QM2 mbBM; `+:Aa p2`bBQM RyXj- r?BH2 i?2 biiBbiB+H MHvbBb rb /QM2 mbBM;
_ p2`bBQM kXR8XjX
ZmHBiiBp2 MHvbBb
q2 /2i2`KBM2/ i?i bQK2 Q7 i?2 ?B;? rBH/2`M2bb `2b Ub22 *QHQ` E2v j  9 QM
6B;X 8XkXV `2 bbQ+Bi2/ iQ i?Qb2 `2;BQMb- KBMHv KQmMiBM bvbi2Kb- bmTTHvBM; ?B;?
2+Qbvbi2K b2`pB+2b Ub22 *E 9VX h?2 bK2 [mHBiiBp2 MHvbBb rb /QM2 b2T`i2Hv
7Q` T`QpBbBQMBM;- `2;mHiBM;- M/ +mHim`H b2`pB+2b U`2T`2b2Mi2/ #v M BM/B+iQ` Q7
`2+`2iBQMH b2`pB+2bVX
AM +QKT`BbQM rBi? Qi?2` +i2;Q`B2b Q7 2+Qbvbi2K b2`pB+2b- i?2 Qp2`Hv Q7 T`QpBbBQMBM;
b2`pB+2b M/ rBH/2`M2bb U6B;X 8XkX"V T`2b2Mib `2HiBp2Hv H`;2 `2b Q7 ?B;? bmTTHv Q7
b2`pB+2b M/ HQr rBH/2`M2bb Ub22 *E k- 2X;X BM 6`M+2- "2M2Hmt M/ :2`KMvV-
HQM; rBi? `2b Q7 HQr b2`pB+2 bmTTHv M/ ?B;? rBH/2`M2bb Ub22 *E j- 2X;X LQ`i?2`M
a+M/BMpBVX h?Bb Bb MQi bm`T`BbBM; bBM+2 rBH/2`M2bb `2b `2 ivTB+HHv bbQ+Bi2/
rBi? HQr iQ MQ 2ti`+iBQM Q7 Mim`H `2bQm`+2bX aQmi?2`M a+M/BMpB T`QpBbBQMb 
MmK#2` Q7 BKTQ`iMi b2`pB+2b- bm+? b +2`2H T`Q/m+iBQM UE2iimM2M 2i HX - kyRkV-
M/ Bb HbQ KQ`2 /2Mb2Hv TQTmHi2/ i?M BM i?2 MQ`i?X h?2`2 `2 MQM2i?2H2bb bQK2
`2T`2b2MiiBQMb Q7 ?B;? T`QpBbBQMBM; b2`pB+2b BM `2b Q7 ?B;? rBH/2`M2bb [mHBiv Ub22
*E 9V- KBMHv bbQ+Bi2/ iQ KQmMiBM `2;BQMb U2X;X bQK2 `2b Q7 i?2 HTb M/
T2MMBM2bVX h?Bb +M #2 /m2 iQ i?2 Q++m``2M+2 Q7 H`;2 [mMiBiB2b Q7 `2bQm`+2b 7Q`
bQK2 T`QpBbBQMBM; b2`pB+2b UBX2X iBK#2` M/ 7`2b?ri2`V BM KQmMiBM `2;BQMb- r?B+?
`2 HbQ rBH/2` i?M i?2 `2bi Q7 1m`QT2X
h?2 bTiBH /Bbi`B#miBQM Q7 `2;mHiBM; b2`pB+2b +QBM+B/2/ `2HiBp2Hv r2HH rBi? rBH/2`@
M2bb U6B;X 8XkX*V- rBi? `2b Q7 1m`QT2 +QMiBMBM; #Qi? ?B;? bmTTHv Q7 b2`pB+2b M/
?B;? /2;`22b Q7 rBH/2`M2bb Ub22 *E 9- 2X;X LQ`i?2`M A#2`B- mbi`BVX JQbi Q7 i?2
+QMiBM2Mi Bb biBHH `2T`2b2Mi2/ #v `2b Q7 #Qi? HQr `2;mHiBM; b2`pB+2b M/ HQr rBH/2`@
M2bb Ub22 *E R- 2X;X 1bi2`M lE- SQHM/V- r?B+? HbQ +QBM+B/2b rBi? ;`B+mHim`H
`2b U6B;X 8XRX"VX AMi2`2biBM;Hv- b2p2`H `2b Q7 ?B;? b2`pB+2 bmTTHv M/ HQr rBH/2`@
M2bb TT2` QM i?2 KT Ub22 *E k- 2X;X q2bi2`M 6`M+2 M/ A`2HM/VX h?Bb Bb
KBMHv /m2 iQ ?B;? pHm2b 7Q` i?2 L2i 1+Qbvbi2K S`Q/m+iBpBiv- M/ bQBH BM}Hi`iBQM
Ryk
8Xj qBH/2`M2bb M/ 1+Qbvbi2K b2`pB+2b
UiQ  H2bb2` 2ti2MiV- BM i?Qb2 T`Q/m+iBp2 `2b i?i `2 MQi +HbbB}2/ b rBH/2`M2bb
UT`iB+mH`Hv Tbim`2b- QM 6B;X 8XRX"VX
6BMHHv- 7Q` `2+`2iBQMH b2`pB+2b U6B;X 8XkX.V- r2 7QmM/  T`2/QKBMM+2 Q7 2Bi?2`
`2b Q7 HQr b2`pB+2 M/ HQr rBH/2`M2bb Ub22 *E RV- Q` `2b Q7 ?B;? rBH/2`M2bb M/
?B;? b2`pB+2 Ub22 *E 9VX h?2 Tii2`M 7Q` `2b Q7 HQr rBH/2`M2bb M/ ?B;? b2`pB+2
bmTTHv Ub22 *E kV Bb +QKTH2i2Hv /Bz2`2Mi i?M 7Q` i?2 Qi?2` +i2;Q`B2b Q7 b2`pB+2b-
rBi?  `i?2` bKHH `2T`2b2MiiBQM QM i?2 KTX q2 HbQ Q#b2`p2  +QMbBbi2Mi KQmMi
Q7 `2b rBi? ?B;? rBH/2`M2bb #mi HQr `2+`2iBQM TQi2MiBH Ub22 *E jVX h?Bb T`iB+mH`
`2bmHi Kv #2 /m2 iQ i?2 +?HH2M;2b bbQ+Bi2/ iQ K2bm`BM; i?2 +T+Biv M/ ~Qr
Q7 #2M2}ib `2Hi2/ iQ +mHim`H b2`pB+2bX 6Q` 2tKTH2- QM2 Kv ?p2 M 2+Qbvbi2K Q7
2ti`2K2 #2miv Q` rBH/2`M2bb [mHBiv- ?Qr2p2`- B7 i?2v `2 MQi ++2bbB#H2- i?2 ~Qr
Q7 `2+`2iBQM M/ Qi?2` +mHim`H b2`pB+2b Bb HQrX PM i?2 Qi?2` ?M/- QM2 Kv ?p2 
H2bb Mim`H `2 #mi 2bBHv ++2bbB#H2 /m2 iQ /BbiM+2 iQ ?mKM BM7`bi`m+im`2b bm+?
b `Q/bX h?2b2- bQK2?Qr +QMi`/B+iQ`v- K2i`B+b +M 2tTHBM i?2 Q#b2`p2/ Tii2`M
BM i?2 +b2 Q7 +mHim`H b2`pB+2bX
hF2M b  r?QH2- `2;mHiBM; M/ +mHim`H b2`pB+2 `2 Q7i2M bbQ+Bi2/ iQ ?B;? rBH/2`@
M2bb `2b U6B;X 8XkX* M/ X.V- T`iB+mH`Hv KQmMiBM bvbi2KbX JQmMiBM 2+Qbvbi2Kb
+Qp2` TT`QtBKi2Hv 9RW Q7 1m`QT2Ƕb i2``BiQ`v- T`QpB/BM; p`BQmb b2`pB+2b /m2 iQ
i?2B` KmHiB7mM+iBQMHBivX h?2v `2 ;2M2`HHv `272``2/ iQ b ǳri2` iQr2`bǴ BKTQ`iMi
7Q` HQr2` 2H2piBQM 2+Qbvbi2Kb- B``B;iBQM- BM/mbi`v- ?v/`QTQr2` M/ bmTTHv 7`2b?r@
i2` iQ KQ`2 i?M ?H7 Q7 i?2 ?mKM TQTmHiBQM UoBpB`QHB 2i HX - kyydVX AM KQmMiBM
bvbi2Kb QM2 +M }M/  ?B;? T`QTQ`iBQM Q7 ?#Bii ivT2b rBi? 7pQ`#H2 +QMb2`piBQM
biimb U11- kyRy#V- THvBM;  F2v `QH2 BM T`QpBbBQMBM; KMv 2+Qbvbi2K b2`pB+2b
M/ KBMiBMBM; 2+QHQ;B+H T`Q+2bb2b U>``BbQM 2i HX - kyRyVX h?2b2 KQmMiBM ?#B@
ii ivT2b BM+Hm/2 Mim`H ;`bbHM/b M/ KQmMiBM T2iHM/b +QMi`B#miBM; iQ ~QQ/
T`2p2MiBQM- bQBH 2`QbBQM- +HBKi2 bi#BHBiv- M/ `2+`2iBQMH b2`pB+2b- bm+? b #B`/
ri+?BM; UaBHp 2i HX - kyy3VX aT2+B}+HHv- T2iHM/b biQ`2 H`;2 [mMiBiB2b Q7 +`@
#QMU>m;`QM 2i HX - kyRjV M/ THv  7mM/K2MiH `QH2 BM +HBKi2 `2;mHiBQM M/
`2 +`BiB+H 7Q` ri2` `2;mHiBQMX J2Mr?BH2- ;`bbHM/b `2 ?#Bii iQ  H`;2 MmK@
#2` Q7 bT2+B2b- bm+? b rBH/ TQHHBMiQ`b UE`2K2M 2i HX - kyykV- r?B+? KF2b i?2K
2bb2MiBH BM mM/2`TBMMBM; #BQ/Bp2`bBiv M/ 2+Qbvbi2K b2`pB+2bX h?2b2 2+Qbvbi2KbǶ
/TiBp2 +T+Biv iQ #Qi? i2KT2`im`2 M/ HiBim/2 ;`/B2Mi ?p2 K/2 i?2K 2+Q@
HQ;B+H ?QibTQib Q7 #BQ/Bp2`bBiv M/ 2M/2KB+ bT2+B2bX AM 1m`QT2- i?2 ?B;?2bi MmK#2`
Q7 2M/2KB+ bT2+B2b +M #2 7QmM/ BM i?2 HTb M/ i?2 Sv`2M22b Uo `2 2i HX - kyyjVX
Ryj
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
6B;m`2 8XkX, 1+Qbvbi2K b2`pB+2b M/ rBH/2`M2bb BM 1m`QT2 Ub22 K2i?Q/ BM i?2 i2tiVX
h?2 pHm2b r2`2 ;`QmT2/ BMiQ ǳHQrǴ U#QiiQK 8yWV M/ ǳ?B;?Ǵ UiQT 8yWV 7Q` #Qi?
K2i`B+b M/ i?2M DQBM2/- 2X;X HQr bmTTHv Q7 b2`pB+2b M/ HQr rBH/2`M2bb Ub22 +QHQ`
F2v QM i?2 };m`2VX X AM/B+iQ`b 7Q` HH b2`pB+2bc "X AM/B+iQ`b Q7 T`QpBbBQMBM;
b2`pB+2bc *X AM/B+iQ`b Q7 `2;mHiBM; b2`pB+2bc M/ .X _2+`2iBQMH b2`pB+2X Ua22
h#X 8XR 7Q`  /2iBHb Q7 i?2 BM/B+iQ`b mb2/VX aQm`+2b, J2b 2i HX UkyRRVc *`p2`
UkyRyVX
Ry9
8X9 _2rBH/BM; M/ 2+Qbvbi2K b2`pB+2b
JQmMiBM bvbi2Kb HbQ THv  F2v `QH2 BM `2;mHiBM; 2`QbBQM M/ Mim`H ?x`/b
BM~m2M+2/ #v p2;2iiBQM +Qp2` UEƺ`M2` 2i HX - kyy8V- KQ`2 bT2+B}+HHv 7Q`2bi2/ HM/X
6Q`2bib KF2 mT 9RW Q7 KQmMiBM bvbi2Kb UEƺ`M2` 2i HX - kyy8V M/ +M #2 `2;m@
HiQ`b Q7 Mim`H /Bbbi2`b b i?2 bQBHb Q7 Kim`2 7Q`2bib ?p2 ?B;? BM}Hi`iBQM `i2-
i?mb `2/m+BM; T2F ~Qrb M/ ~QQ/b UJ2b 2i HX - kyyNVX h?2v HbQ T`QpB/2  `M;2
Q7 b2`pB+2b bm+? b +`#QM b2[m2bi`iBQM- B` [mHBiv `2;mHiBQM- iBK#2` 7Q` 7m2HrQQ/
M/ MQM@iBK#2` T`Q/m+ib U;K2 M/ K2/B+BMH THMibV- M/ +HBKi2 `2;mHiBQM U>`@
`BbQM 2i HX - kyRyc J2b 2i HX - kyRkVX JQ`2Qp2`- 7Q`2bib M/ KQmMiBM bvbi2Kb
bmTTHv +mHim`H b2`pB+2b- ?QH/BM; bTB`BimH M/ `2HB;BQmb pHm2 iQ HQ+H BM?#BiMib-
M/ `2 KBM `2+`2iBQM M/ 2+QiQm`BbK ii`+iBQM US`B+2 2i HX - RNNdVX h?Qm;?
KQmMiBM bvbi2Kb `2 i;;2/ b KDQ` bmTTHB2`b Q7 2+Qbvbi2K b2`pB+2b- i?2v HbQ `2
7`;BH2 bvbi2Kb r?B+? `2+Qp2` bHQrHv Q` MQi i HH 7`QK /Bbim`#M+2b r?B+? +QMb2@
[m2MiHv /2+`2b2b 2+Qbvbi2K 7mM+iBQM- BKT+iBM; HQrHM/ `2b M/ Qp2`HH- ?mKM
r2HH@#2BM; UEƺ`M2` 2i HX - kyy8VX
8X9X _2rBH/BM; M/ 2+Qbvbi2K b2`pB+2b
1+Qbvbi2K b2`pB+2b M/ b+2M`BQb Q7 `2rBH/BM;
Hi?Qm;?- KMv `2TQ`ib ?p2 QmiHBM2/ i?2 TQbBiBp2 #2M2}ib Q7 rBH/2`M2bb M/ rBH/
`2b- i?2 TQi2MiBH ;BMb M/ HQbb2b Q7 2+Qbvbi2K b2`pB+2b i?`Qm;? i?2 T`QKQiBQM
Q7 `2rBH/BM; Bb biBHH mM/2`bim/B2/X Pm` MHvbBb +QMi`B#mi2b iQ `2/m+BM; i?Bb H+F Q7
/i #v [mMiB7vBM; i?2 #BQT?vbB+H TQi2MiBH Q7  bvbi2K iQ T`Q/m+2 #2M2}ib 7i2`
`2rBH/BM; ?b Q++m``2/- #v +QKT`BM; Bi rBi? i?2 +m``2Mi bmTTHv BM Qi?2` ;`B+mHim`H
`2b M/ mbBM; rBH/2`M2bb b  T`Qtv 7Q` i?2 7mim`2 bmTTHv Q7 b2`pB+2bX h?2 MHvbBb
rb T2`7Q`K2/ i i?2 2ti2Mi Q7 i?2 A#2`BM S2MBMbmHX :2M2`HHv- r2 bT2+mHi2 i?i
#v BM+`2bBM; i?2 bBx2 M/ +QMM2+iBpBiv Q7 ?B;? [mHBiv rBH/2`M2bb- r2 rBHH ?p2 M
BM+`2b2 BM i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b bbQ+Bi2/ rBi? i?Qb2 ?#Biib Ui?i
Bb- B7 i?2 #M/QM2/ HM/ Bb `2biQ`2/ iQ  b2H7@bmbiBM#H2 bii2- 2Bi?2` Mim`HHv
Q` pB bbBbi2/ `2biQ`iBQM- b22 _2v "2Mvb  "mHHQ+F- BM T`2bb M/ +?Ti2` 9VX
*QM+QKBiMiHv- i?2 bmTTHv Q7 b2`pB+2b bbQ+Bi2/ rBi? ;`B+mHim`H HM/@mb2b KB;?i
/2+`2b2X
"v +QKT`BM; i?2 /Bbi`B#miBQM Q7 i?2 pHm2b- i i?2 2ti2Mi Q7 i?2 A#2`BM S2MBMbmH-
7Q` i?2 bmTTHv Q7 BM/B+iQ`b Q7 2+Qbvbi2K b2`pB+2b- #2ir22M ǳ`2b +m``2MiHv +mHiB@
Ry8
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
pi2/Ǵ- ǳ`2b +mHiBpi2/ #mi T`2/B+i2/ iQ #2 #M/QM2/Ǵ- M/ ǳ`2b rBi?BM i?2 iQT
8W Q7 A#2`BM rBH/2`M2bbǴ- r2 r2`2 #H2 iQ T`2/B+i  TQi2MiBH BM+`2b2 Q` /2+`2b2
BM i?2 bmTTHv Q7 i?2 bim/B2/ b2`pB+2bX
q2 /2i2`KBM2/ bB;MB}+Mi /Bz2`2M+2b BM i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b M/ i?2
/Bz2`2Mi HM/ mb2 BMi2MbBiB2b Uh#X 8XkVX q2 7QmM/ >LLS pHm2b iQ #2 bB;MB}+MiHv
?B;?2` BM T`2b2Mi ;`B+mHim`2 `2b i?M BM #Qi? HM/ T`QD2+i2/ iQ #2 #M/QM2/
M/ iQT 8W rBH/2`M2bb `2bX >LLS ?b #22M B/2MiB}2/ b M BM/B+iQ` K2bm`BM;
+?M;2b BM #BQKbb ~Qrb BM 2+Qbvbi2Kb M/ i?2 T`QpBbBQM Q7 BKTQ`iMi 2+Qbvbi2K
b2`pB+2b- b  `2bmHi Q7 HM/ mb2 +?M;2 U1`# 2i HX - kyyNVX Pm` `2bmHib `2 MQi
mM2tT2+i2/ b ?mKM T`Q/m+iBQM Q7 7QQ/ Bb ;`2i2` BM ;`B+mHim`H `2b i?M HH
Qi?2` HM/ mb2bX
6Q` /2TQbBiBQM p2HQ+Biv Q7 LPt- M BM/B+iQ` Q7 B` [mHBiv- pHm2b r2`2 ?B;?2` BM
rBH/2`M2bb BM +QKT`BbQM iQ i?2 Qi?2` HM/ mb2 BMi2MbBiB2b- HM/ T`QD2+i2/ iQ #2+QK2
#M/QM2/ M/ T`2b2Mi ;`B+mHim`2X hvTB+HHv- i`22b T2`7Q`K #2ii2` B` [mHBiv `2;@
mHiBQM UJ2b 2i HX - kyRRVX q2 +M i?mb bbmK2 i?i B` [mHBiv BKT`Qp2b BM
rBH/2`M2bb `2b /m2 iQ i?2 ?B;?2` +T+Biv Q7 rBH/ 7Q`2bi2/ 2+Qbvbi2Kb iQ +Tim`2
M/ `2KQp2 B` TQHHmiMibX AM+`2bBM; rBH/2`M2bb `2b b?QmH/ i?mb H2/ iQ BM+`2b2b
BM B` [mHBivX
LBi`Q;2M `2i2MiBQM rb ?B;?2bi BM rBH/2`M2bb 7QHHQr2/ #v ;`B+mHim`2 M/ HM/ T`Q@
D2+i2/ iQ #2 #M/QM2/- r?BH2 bQBH BM}Hi`iBQM +T+Biv rb ;`2i2bi BM 7mim`2 #M@
/QM2/ HM/- 7QHHQr2/ #v rBH/2`M2bbX "Qi? MBi`Q;2M `2i2MiBQM M/ bQBH BM}Hi`iBQM
`2 BM/B+iQ`b Q7 ri2` `2;mHiBQMX q2 +M bbmK2 i?i ri2` `2;mHiBQM BKT`Qp2b
rBi? BM+`2b2/ p2;2iiBQM /vMKB+b- b ?B;? pHm2b 7Q` i?2b2 BM/B+iQ`b r2`2 KBMHv
`2T`2b2Mi2/ BM #Qi? iQT rBH/2`M2bb M/ T`QD2+i2/ #M/QM2/ HM/X
"Qi? iBK#2` M/ `2+`2iBQM pHm2b r?2`2 ?B;?2bi 7Q` rBH/2`M2bb M/ `2b T`QD2+i2/
iQ #2 #M/QM2/X LQM2i?2H2bb- i?2b2 `2bmHib Kv #2 KBbH2/BM;- bT2+B}+HHv 7Q`
iBK#2`- bBM+2 pHm2b +H+mHi2/ 7Q` rBH/2`M2bb QMHv BM+Hm/2 i?2 iQT 8W Q7 rBH/ `2;BQMb
r?B+? Bb 2tT2+i2/ iQ #2 ?B;?Hv T`Qi2+i2/X MQi?2` 2tTHMiBQM 7Q` i?2 ?B;? pHm2b
Q7 iBK#2` bmTTHv BM i?2 iQT 8W rBH/2`M2bb Kv #2 /m2 iQ i?2 HQr2` `2bQHmiBQM Q7 i?2
/iX
6Q` +`#QM biQ+F M/ M2i 2+Qbvbi2K T`Q/m+iBpBiv r2 7QmM/  ?B;?2` bmTTHv BM HM/
T`QD2+i2/ iQ #2 #M/QM2/ i?M i?Qb2 `2b /2bB;Mi2/ b rBH/2`M2bb Uh#X 8XkVX
h?mb- i?2 #M/QMK2Mi Q7 i?Qb2 `2b rQmH/ bmTTQ`i rBH/2`M2bb #v BM+`2bBM; Bib
Q++mTM+v Q7 T`Q/m+iBp2 `2b- K2bm`2/ #Qi? BM +`#QM biQ+F M/ M2i 2+Qbvbi2K
Rye

























































































































































































































































































































































































































































































































































































































































*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
T`Q/m+iBpBiv- i?mb THvBM;  7mM/K2MiH `QH2 BM +HBKi2 `2;mHiBQMX aBKBH` }M/BM;b
r2`2 7QmM/ 7Q` 7`2b?ri2` T`QpBbBQM- rBi? ?B;?2` pHm2b BM HM/ T`QD2+i2/ iQ #2+QK2
#M/QM2/ i?M QM rBH/2`M2bb `2b- pHm2b 7B`Hv +HQb2 iQ T`2b2Mi ;`B+mHim`H `2bX
h?2b2 `2bmHib bmTTQ`i i?2 T`2KBb2 i?i `2H2bBM; HM/ 7`QK ;`B+mHim`H +iBpBiv Bb
M QTTQ`imMBiv iQ BM+`2b2 Q` KBMiBM ?B;? biQ+Fb Q7 2+Qbvbi2K b2`pB+2b U6B;X 8XjVX
LQi bm`T`BbBM;Hv- ;`B+mHim`H HM/ BM A#2`B Bb KBMHv /2/B+i2/ iQ 7QQ/ T`Q/m+iBQM
UrBi? >LSS b M BM/B+iQ`VX u2i- i?2 HM/ +m``2MiHv +mHiBpi2/ #mi T`QD2+i2/ iQ
#2 #M/QM2/ Bb M BKTQ`iMi bmTTHB2` Q7 +`#QMb biQ+Fb M/ ?b ?B;? M2i 2+Qbvbi2K
T`Q/m+iBpBiv M/ bQBH BM}Hi`iBQM +T+Biv U6B;X 8XjVX 6mim`2 #M/QM2/ HM/b HbQ
/BbTHv ?B;? +QMi`B#miBQM BM i?2 T`QpBbBQM Q7 7`2b?ri2`- r?B+? Bb MQi?2` `;mK2Mi
iQr`/b i?2B` TbbBp2 `2biQ`iBQM- `i?2` i?M KBMiBMBM; ?mKM +iBpBiB2b QM i?2KX
h?2b2 `2bmHib b?Qr i?i `2b +m``2MiHv +mHiBpi2/ #mi T`QD2+i2/ iQ #2 #M/QM2/
?p2 i?2 TQi2MiBH iQ +QMi`B#mi2 iQ ?mKM r2HH@#2BM;- #Qi? BM i2`Kb Q7 i?2 [mM@
iBiv M/ i?2 [mHBiv Q7 i?2 2+Qbvbi2K b2`pB+2b i?2v +M bmTTHv- r?B+? Bb T`Q##Hv
/m2 iQ i?2B` #BQT?vbB+H T`QT2`iB2b U2X;X HiBim/2- [mHBiv Q7 i?2 bQBHbVX LQM2i?2H2bb-
i?2 iQT 8W rBH/2`M2bb `2b BM A#2`B HbQ bmTTHv  rB/2 `M;2 Q7 2+Qbvbi2K b2`@
pB+2b U6B;X 8XjV- rBi+? `2BM7Q`+2b i?2 B/2 i?i BM+`2bBM; i?2 `2 Q7 rBH/2`M2bb pB
`2rBH/BM; rBHH T`QKQi2 i?2 T`QpBbBQM Q7 ?B;? [mHBiv b2`pB+2bX
Hi?Qm;? i?2b2 `2bmHib 2t2KTHB7v TQbBiBp2 i`2M/b 7Q` i?2 KDQ`Biv Q7 i?2 BM/B+iQ`b-
i?2v `2 iQ #2 `2/ rBi? +miBQM b i?2 i`MbBiBQM 7`QK ǳ`2+2MiHv #M/QM2/Ǵ iQ
ǳ`2rBH/2/Ǵ Bb MQi 7bi- bBKTH2- Q` 2p2M ;m`Mi22/ Ub22 +?Ti2` k M/ +?Ti2` 9VX
h?mb i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b /m`BM; i?2 2`Hv bi;2b 7i2` HM/ #M/QM@
K2Mi +M #2 ?`/ iQ T`2/B+i M/ +QKTH2t iQ mM/2`biM/X  `2+2Mi bim/v `2p2H2/
i?i /2+`2b2b BM HM/ mb2 BMi2MbBiv- T`BK`BHv i?2 #M/QMK2Mi Q7 KQmMiBM ;`bb@
HM/b- H2/ iQ BMBiBH /2+`2b2b BM M2i 2+Qbvbi2K 2t+?M;2 Q7 *Pk Ua+?KBii 2i HX
- kyRyVX h?2 BKT+ib Q7 MBi`Q;2M biQ`;2 7QHHQrBM; #M/QMK2Mi `2 HbQ MQi r2HH
mM/2`biQQ/X LBi`Q;2M biQ`;2 BM vQmM;2` ;`bbHM/b Bb FMQrM iQ #2 HQr2` i?M QH/2`
;`bbHM/b U.2M; 2i HX - kyRjVX LQM2i?2H2bb- r2 +M bT2+mHi2 i?i i?2 #2M2}ib Q7
`2H2bBM; HM/ 7`QK ;`B+mHim`2 Qmir2B;? i?Qb2 Q7 T`2b2Mi ;`B+mHim`2 +iBpBivX _2@
+2Mi bim/B2b ?p2 +QM}`K2/ i?i i?2 +QKTH2tBiv Q7 M 2+Qbvbi2K- r?B+? BM+Hm/2b #mi
Bb MQi HBKBi2/ iQ Bib p2;2iiBQM /vMKB+b- i?2 ;2 M/ i?2 /BbiM+2 M/ i?2 2ti2Mi
Q7 7`;K2MiiBQM- `2 HH 2H2K2Mib r?B+? BM~m2M+2 i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b
M/ #BQ/Bp2`bBiv UoM+F2` 2i HX - kyR9c 62``x 2i HX - kyR9c :`āi@_2;K2v 2i HX -
kyR9VX "v `2biQ`BM; ?#Biib- r2 rQmH/ HbQ BM+`2b2 i?2 HM/b+T2bǶ KmHiB7mM+iBQM@
HBiv- i?`Qm;? Bib b2`pB+2bX
Ry3
8X9 _2rBH/BM; M/ 2+Qbvbi2K b2`pB+2b
6B;m`2 8XjX, _2HiBp2 bmTTHv Q7 2+Qbvbi2K b2`pB+2 T2` HM/ +i2;Q`vX 6Q` 2+? HM/
ivT2 UiQT 8W rBH/2`M2bb- ;`B+mHim`H `2- M/ HM/ T`QD2+i2/ iQ #2 #M/QM2/V-
i?2 /B;`K `2T`2b2Mib i?2 p2`;2 bmTTHv T2` FKk `2HiBp2 iQ i?2 KtBKmK pHm2
Q7 i?2 2MiB`2 bKTH2 UHH HM/ +i2;Q`B2b iQ;2i?2`VX a22 h#X 8Xk 7Q` i?2 p2`;2
pHm2bX
RyN
*?Ti2` 8 1+Qbvbi2K b2`pB+2b, QTTQ`imMBiB2b Q7 `2rBH/BM; BM 1m`QT2
h?Bb MHvbBb Bb #b2/ QM T`QD2+iBQMb Q7 bmTTHv Q7 b2`pB+2 QM `2b r?2`2 HM/ #M@
/QMK2Mi Q` `2rBH/BM; +QmH/ TQi2MiBHHv Q++m` rBi?BM i?2 /2+/2b iQ +QK2 M/ bQ
7` Bb ;2Q;`T?B+HHv HBKBi2/ iQ i?2 A#2`BM S2MBMbmHX u2i- `2rBH/BM; ?b H`2/v
Q++m``2/ BM bQK2 `2b Q7 1m`QT2- 2Bi?2` Mim`HHv Q` rBi? bbBbi2/ `2biQ`iBQM M/ Bi
Bb rQ`i? HQQFBM; BMiQ i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b BM i?Qb2 ǳTBHQiǴ `2b- i?Qm;?
BM7Q`KiBQM QM i?2B` #2M2}ib `2 biBHH b+`+2X h?2 2`HB2bi /Q+mK2Mi2/ +b2 Q7 `2rBH@
/BM; TBQM22`2/ BM i?2 PQbip`/2`bTHbb2M r2iHM/b BM i?2 L2i?2`HM/b- BM i?2 dyb
Uo2`- kyyNVX h?2 BMi`Q/m+iBQM Q7 rBH/ ?2`#BpQ`2b- bm+? b i?2 `2/ /22`- >2+F +iiH2
M/ EQMBF TQMB2b Mim`HHv bm#biBimi2/ i?2 2+QHQ;B+H 7mM+iBQM Q7 i?2 MQr 2tiBM+i
m`Q+?b M/ i`TMb U"B`/HB72 AMi2`MiBQMH- kyRRc o2`- kyyNVX hQ/v- Bi Bb QM2
Q7 1m`QT2Ƕb H2/BM; r2iHM/ `2;BQMb- r?2`2 2+QHQ;B+H `2biQ`iBQM BM+`2b2/ Mim@
`H `2b +`2iBM;  rBM@rBM bBimiBQM T`QKQiBM; `2;mHiBM;- +mHim`H b2`pB+2b M/
#BQ/Bp2`bBiv r?BH2 ;2M2`iBM; 2+QMQKB+ #2M2}ib i?`Qm;? i?2 T`QKQiBQM Q7 iQm`BbKX
>Qr2p2`- i?2`2 `2 biBHH bQK2 HBKBiiBQMb iQ i?Bb T`QD2+i b i?2 T2`b2p2`M+2 Q7 Bib
bm++2bb ?b #22M ii`B#mi2/ iQ QM@;QBM; ?mKM BMi2`p2MiBQM HQM; i?2 v2`bX AM i?Bb
b2+iBQM r2 T`2b2Mi M //BiBQMH MmK#2` Q7 +b2 bim/B2b BM r?B+? i?2 T`QKQiBQM Q7
rBH/ `2b M/fQ` `2rBH/BM; ?b ;2M2`i2/ 2MpB`QMK2MiH M/ 2+QMQKB+ #2M2}ib 7Q`
HQ+H +QKKmMBiB2b- HM/?QH/2`b M/ bQ+B2iv BM ;2M2`HX
_2;mHiBM; "2M2}ib
h?2 BKTH2K2MiiBQM Q7 `2rBH/BM; rBi? 7Q`2bi `2;2M2`iBQM QM #M/QM2/ 7`KHM/
+M HbQ #2  KDQ` +QMi`B#miBQM iQ i?2 KBiB;iBQM Q7 +HBKi2 +?M;2 i?`Qm;? i?2
b2[m2bi`iBQM M/ biQ`;2 Q7 +`#QMX AM GQrHM/ 1M;HM/- bim/B2b QM /Bz2`2Mi HM/
mb2 KM;2K2Mi QTiBQMb ?p2 b?QrM i?i i?2 +Qbi M/ #2M2}ib Q7 +?M;2b BM 2+Qbvb@
i2K b2`pB+2b 7`QK `2rBH/BM; Qmir2B;? i?Qb2 7`QK `#H2 M/ /B`v 7`KBM; UL1_*-
kyRkVX AM i?2 lTHM/ lE 2biBKi2b b?Qr i?i KM;BM; i?2 HM/ 7Q` +`#QM biQ`;2
M/ b2[m2bi`iBQM i?`Qm;? i?2 `2biQ`iBQM Q7 T2iHM/b Kv #2 KQ`2 T`Q}i#H2 i?M
TbiQ`H +iBpBiB2b U_22/ 2i HX - kyRjVX b  Kii2` Q7 7+i- T2iHM/b- BM a+QiHM/-
?p2 #22M pHm2/ #2ir22M ī9N KBHHBQM iQ īRNe T2` MMmK 7Q` +`#QM b2[m2bi`iBQM
UJ+JQ``M 2i HX - kyyeVX
GBF2rBb2- Bi ?b #22M 2biBKi2/ i?i rBi?BM i?2 Lim` kyyy M2irQ`F- +QKK2`+BH
M/ rBH/ 7Q`2bi ?#Biib ;2M2`i2 i?2 ?B;?2bi +`#QM pHm2 2biBKi2/ i ījR3Xj
M/ īeRyXR #BHHBQM- BM kyRy- 7QHHQr2/ #v ;`bbHM/ bvbi2Kb `M;BM; #2ir22M ī Ry8Xe
M/ īRNeX8 #BHHBQM Ui2M "`BMF 2i HX - kyRRVX AM i?2 *`Ti?BMb- i?2 T`Qi2+iBQM
RRy
8X9 _2rBH/BM; M/ 2+Qbvbi2K b2`pB+2b
Q7 QH/ ;`Qri? 7Q`2bi rBHH ;2M2`i2  7mM/BM; Q7 īke KBHHBQM i?`Qm;? +`#QM Qzb2ib-
T`QpB/BM; `2;BQMH 2+QMQKB+ `2HB27 Ui2M "`BMF 2i HX - kyRRVX AM i?2 >Q;2 o2Hmr2
6Q`2bi-  T`Qi2+i2/ `2 Q7 i?2 L2i?2`HM/b- iQiH 2+QMQKB+ #2M2}i ;2M2`i2/ #v
7Q`2bib Bb īkyyy ?fv2`- 7Q` i?2 7QHHQrBM; b2`pB+2bc rQQ/ T`Q/m+iBQM- bmTTHv Q7
;K2- ;`QmM/ri2` `2+?`;2- +`#QM b2[m2bi`iBQM- B` }Hi`iBQM- `2+`2iBQM M/
Mim`2 +QMb2`piBQMX h?Bb pHm2 Bb +H+mHi2/ iQ #2 i?`22 iBK2b ?B;?2` i?M /D+2Mi
;`B+mHim`H HM/ U>2BM- kyRRVX
h?2 #2M2}ib Q7 BKT`QpBM; ri2` [mHBiv mTbi`2K BKT+ib HQrHM/ `2b M/ ?mKM
r2HH@#2BM; U6Q`bHmM/- kyyNVX Hi?Qm;? i?2`2 Bb biBHH  H+F Q7 pBH#H2 BM7Q`KiBQM
QM i?2 2+QMQKB+ p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HX
RkR

hQr`/b  1m`QT2M TQHB+v 7Q`
_2rBH/BM;
#bi`+i, JBHHBQMb Q7 ?2+i`2b Q7 ;`B+mHim`H HM/ +QmH/ #2 `2H2b2/ 7`QK ?mKM
T`2bbm`2 rBi?BM i?2 M2ti /2+/2b BM 1m`QT2X _2rBH/BM; T`2b2Mib  ;`2i QTTQ`imMBiv
iQ `2biQ`2 i?2 #M/QM2/ HM/b+T2b- HQM; rBi? i?2 #BQ/Bp2`bBiv M/ i?2 bmTTHv Q7
i?Qb2 2+Qbvbi2K b2`pB+2b i?i r2`2 mMiBH MQr `2bi`B+i2/ iQ i?2 `2KBMBM; 72r rBH/
`2b Q7 i?2 +QMiBM2MiX b  `2bmHi- `2rBH/BM; Bb BM  /B`2 M22/ Q7  TQHB+v 7`K2rQ`F
BM 1m`QT2- iQ T`QKQi2 Bib BKTH2K2MiiBQM b  HM/ KM;2K2Mi QTiBQM- iQ 2pHmi2
Bib Qmi+QK2b- M/ iQ b?`2 FMQrH2/;2 M/ ;QQ/ T`+iB+2b KQM; biF2?QH/2`bX AM
i?Bb +?Ti2`- r2 T`2b2Mi i?2 ?BbiQ`v Q7 +QMb2`piBQM TQHB+B2b M/ T`Qi2+i2/ `2b BM
1m`QT2- i?2 BKTH2K2MiiBQM Q7 i?2 Lim` kyyy L2irQ`F #2BM; QM2 Q7 i?2 KDQ`
KBH2biQM2bX h?2 `QH2 Q7 +QMb2`piBQM BM b2+iQ`H +iBpBiB2b bm+? b ;`B+mHim`2 Bb HbQ
/Bb+mbb2/X h?2 ;`QrBM; BKTQ`iM+2 ;Bp2M iQ rBH/2`M2bb `2b M/ i?2 BM+HmbBQM Q7
rBH/2`M2bb KM;2K2Mi BMiQ 1m`QT2M TQHB+B2b Bb i?2M T`2b2Mi2/X h?2 +?Ti2` i?2M
2pHmi2b i?2 +QMi`B#miBQM Q7 rBH/2`M2bb M/ `2rBH/BM; iQ i?2 +?B2p2K2Mi Q7 ;HQ#H
M/ 1l i`;2ibX 6BMHHv- `2+QKK2M/iBQMb `2 K/2 iQ 2{+B2MiHv M/ /2[mi2Hv
BM+Hm/2 `2rBH/BM; BMiQ i?2 1m`QT2M 7`K2rQ`F Q7 +QMb2`piBQM TQHB+B2bX
E2vrQ`/b, LiBQMHHv .2bB;Mi2/ S`Qi2+i2/ `2b- Lim` kyyy- >B;? Lim`2
oHm2 6`KHM/- ;`B@2MpB`QMK2MiH b+?2K2b- rBH/2`M2bb- *QMb2`piBQM i`;2ib- HM/
KM;2K2Mi TQHB+B2bX
eXRX AMi`Q/m+iBQM,  ?BbiQ`B+H T2`bT2+iBp2
h?Qm;? 2pB/2M+2 Q7 HM/ +QMb2`piBQM ;Q2b #+F b2p2`H i?QmbM/b Q7 v2`b BM 1m@
`QT2- i?2 +QM+2Ti Q7 T`Qi2+i2/ `2b rb }`bi BKTH2K2Mi2/ +`Qbb i?2 +QMiBM2Mi #v
i?2 R8i? +2Mim`v- r?2M TQ+?BM; M/ HQ;;BM; r2`2 #MM2/ 7`QK `QvH ?mMiBM; 7Q`2bib
Rkj
*?Ti2` e hQr`/b  1m`QT2M TQHB+v 7Q` _2rBH/BM;
#v i?2 MQ#BHBiv BM Q`/2` iQ T`Qi2+i i?2 ;K2 UCQM2b@qHi2`b  ÌBpBÉ- kyRjc SQbbBM;@
?K 2i HX - kyyec _K½Q 2i HX - kyRkVX h?Qb2 T`Qi2+i2/ `2b USbV r2`2 /2bB;M2/
iQ T`2b2`p2  ;Bp2M `2bQm`+2 U2X;X iBK#2` Q` ;K2V- `i?2` i?M iQ T`2b2`p2 Mim`2
BM ;2M2`HX Ai rb MQi mMiBH i?2 RNi? +2Mim`v i?i HM/b+T2b rQmH/ #2 T`2b2`p2/
7Q` i?2B` ǳMim`H #2mivǴ- 7QHHQrBM;  KQp2K2Mi BMBiBi2/ BM :2`KMv iQ T`2b2`p2
Lim`2/2MFKH- BX2X Mim`2 KQMmK2Mib UCQM2b@qHi2`b  ÌBpBÉ- kyRjVX h?2 }`bi
ǳLiBQMH S`FbǴ ULSV r2`2 /2bB;Mi2/ BM i?2 la- BM uQb2KBi2 LS- BM R3e9- i?2M
u2HHQrbiQM2 LS- BM R3dk USQbbBM;?K 2i HX - kyyeV- rBi? i?2 BK Q7 T`2b2`pBM; M@
im`2 7Q` `2+`2iBQMH- +mHim`H M/ 2i?B+H `2bQMb U"Q``BMB@62v2`#2M/ 2i HX - kyRjVX
h?2 }`bi 1m`QT2M T`F rb +`2i2/ BM ar2/2M- BM RNyN USBMiQ  S`iB/`BQ- kyRkc
_K½Q 2i HX - kyRkVX AM RNeN i?2 Al*L ;p2 M Q{+BH /2}MBiBQM iQ ǳLiBQMH
S`FbǴ b i?2 }`bi `2bQHmiBQM Q7 Bib Ryi? bb2K#Hv UAl*L- RNeNVX
h?2 RNdyb K`F  +?M;2 BM i?2 rv Sb r2`2 KM;2/ BM 1m`QT2- b?B7iBM; 7`QK
bi`B+i T`Qi2+iBQM iQ i?2 +FMQrH2/;K2Mi Q7 i?2 `QH2 M/ M22/b Q7 HQ+H +QKKmMBiB2b
M/ Qi?2` biF2?QH/2`b- M/ i?2B` BMi2;`iBQM BM i?2 KM;2K2Mi Q7 i?2 HM/b+T2
UCQM2b@qHi2`b  ÌBpBÉ- kyRjc _K½Q 2i HX - kyRkVX AM RNdR- i?2 lL1a*P HmM+?2/
i?2 JM M/ "BQbT?2`2 UJ"V T`Q;`K- H2/BM; iQ i?2 +QM+2Ti Q7 "BQbT?2`2b _2@
b2`p2b BM RNd9 U*Q2ix2` 2i HX - kyR9VX Ai rb 7QHHQr2/- ir2Miv v2`b Hi2`- #v i?2
2bi#HBb?K2Mi Q7 i?2 qQ`H/ L2irQ`F Q7 "BQbT?2`2 _2b2`p2b UlL1a*P- RNNeV- rBi?
 T`iB+mH` 7Q+mb QM i?2 BMpQHp2K2Mi Q7 HQ+H +QKKmMBiB2b- M/ i?2B` bmbiBM#H2
mb2 Q7 i?2 `2bQm`+2b T`2b2Mi rBi?BM i?2 `2X hQ/v- i?2 J" M2irQ`F +QmMib Red
`2b2`p2b BM i?2 1lk3- rBi? KQ`2 i?M  7Qm`i? UM498V BM aTBMX RNdR Bb HbQ i?2 v2`
Q7 i?2 bB;Mim`2 Q7 i?2 _Kb` *QMp2MiBQM- 7Q` i?2 ;HQ#H +QQT2`iBQM M/ +QMb2`p@
iBQM Q7 r2iHM/ ?#Biib USQbbBM;?K 2i HX - kyyeVX h?2 K2K#2` bii2b Q7 i?2 1lk3
+QmMi 39j Q7 i?Qb2 bBi2b- 7Q`  iQiH `2 Q7 Rj-9 KBHHBQM ? U`Kb`Xr2iHM/bXQ`;VX AM
RNdk- i?2 lL1a*P HbQ bB;M2/ i?2 ǳ*QMp2MiBQM +QM+2`MBM; i?2 S`Qi2+iBQM Q7 i?2
qQ`H/ *mHim`H M/ Lim`H >2`Bi;2Ǵ UqQ`H/ >2`Bi;2 *2Mi`2- kyRjVX h?2 }`bi 1l
Lim`H >2`Bi;2 aBi2b r2`2 2bi#HBb?2/ BM RNdN- BM *`QiB USHBipB+2 GF2b LiBQMH
S`FV M/ BM SQHM/ U"BƈQrB2ʊ 6Q`2biVX AM kyRj- i?2 1lk3 +QmMi2/ kd ǳMim`HǴ
M/ e ǳKBt2/Ǵ >2`Bi;2 bBi2b Ur?+XmM2b+QXQ`;VX
AM i?Bb +?Ti2`- r2 }`bi T`2b2Mi i?2 biimb M/ i`2M/b Q7 +m``2Mi #BQ/Bp2`bBiv +QM@
b2`piBQM BM i?2 1m`QT2M lMBQM- pB i?2 MiBQMH /2bB;MiBQM Q7 S`Qi2+i2/ `2b-
i?2 Lim` kyyy M2irQ`F- M/ ;`B@2MpB`QMK2MiH b+?2K2bX h?2 `2+2Mi BMi2;`iBQM
Q7 rBH/2`M2bb BM i?2 1l +QMb2`piBQM 7`K2rQ`F Bb i?2M /Bb+mbb2/- HQM; rBi? i?2
TQi2MiBH Q7 `2rBH/BM; #M/QM2/ 7`KHM/X _2rBH/BM; M/ rBH/2`M2bb +QMb2`piBQM
Rk9
eXk *m``2Mi +QMb2`piBQM TQHB+B2b BM i?2 1l
`2 i?2M 2pHmi2/ BM `2;`/b iQ i?2 +?B2p2K2Mi Q7 i?2 ;HQ#H M/ 1m`QT2M +QM@
b2`piBQM i`;2ib b2i 7Q` kykyX h?Bb +?Ti2` QMHv /Bb+mbb2/ +QMiBM2MiH +QMb2`piBQM-
M/ K`BM2 T`Qi2+i2/ `2b r2`2 `2KQp2/ 7`QK i?2 MHvbBbX
eXkX *m``2Mi +QMb2`piBQM TQHB+B2b BM i?2 1l
LiBQMHHv .2bB;Mi2/ S`Qi2+i2/ `2b
LiBQMHHv .2bB;Mi2/ S`Qi2+i2/ `2b UL.SbV 2M+QKTbb2b  p`B2iv Q7 /2bB;M@
iBQMb, ǳMiBQMH T`FǴ- ǳ`2;BQMH T`FǴ- ǳMim`2 T`FǴ- ǳMim`2 `2b2`p2Ǵ- ǳ#BQbT?2`2
`2b2`p2Ǵ- ǳrBH/2`M2bb `2Ǵ- ǳrBH/HB72 KM;2K2Mi `2Ǵ- ǳHM/b+T2 T`Qi2+i2/ `2Ǵ-
M/ ǳ+QKKmMBiv +QMb2`p2/ `2Ǵ U.m/H2v- kyy3c _K½Q 2i HX - kyRkV- r?B+? HbQ
p`v ;`2iHv BM i?2B` KM;2K2Mi TQHB+B2bX q?2M +QmMi`B2b `2 /BpB/2/ BMiQ 72/2`H
bii2b U2X;X aTBM- :2`KMvV- 2+? 2MiBiv +M HbQ ?p2 `2;BQMH /2bB;MiBQM TQHB+B2bX
JQ`2Qp2`- bQK2 +QmMi`B2b T`Qi2+i bT2+B}+ 2+Qbvbi2K MiBQM@rB/2 U2X;X r2iHM/b BM
*`QiB- `Bp2`b BM SQ`im;HV- rBi?Qmi /2bB;MiBM; i?2K rBi?BM i?2B` T`Qi2+i2/ `2b
U_K½Q 2i HX - kyRkVX JQ`2 i?M jRW Q7 i?2 1m`QT2M L.Sb +Qp2` 7Q`2bi 2+Qbvb@
i2Kb- r?BH2 ;`Q@2+Qbvbi2Kb `2 `2T`2b2Mi2/ BM Qp2` k3W Q7 i?2 `2b U_K½Q 2i HX
- kyRkVX h?2b2 `2b HbQ i2M/ iQ #2 /2bB;Mi2/ BM KQmMiBM `2;BQMb- /m2 iQ i?2B`
`2KQi2M2bb M/ i?2 `2bmHiBM; HQr2` ?mKM /2MbBiB2bX h?2 L.Sb `2 +HbbB}2/ #v
i?2 Al*L BMiQ bBt T`Qi2+iBQM +i2;Q`B2b U.m/H2v- kyy3V- /2}M2/ BM RNN9- #b2/ QM
i?2 H2p2H Q7 KM;2K2Mi M/ i?2 HHQr2/ /2;`22 Q7 ?mKM +iBpBiv Ub2+X eXkV- i?Qm;?
MQi HH `2b `2 v2i +HbbB}2/- Q` 2p2M `2;Bbi2`2/ b bm+?X Pmi Q7 i?2 e3W Q7 L.Sb
+HbbB}2/ #v Al*L +i2;Q`B2b BM 1m`QT2 UL4 8k NN8V- i?2 pbi KDQ`Biv #2HQM;b iQ
+i2;Q`v Ao- >#BiibfaT2+B2b KM;2K2Mi `2b Ub2+X eXkVX >Qr2p2`- +i2;Q`v o
US`Qi2+i2/ HM/b+T2fb2b+T2V +Qp2`b i?2 H`;2bi `2 QM i?2 +QMiBM2MiX Ai Bb HbQ
BMi2`2biBM; iQ MQiB+2 i?i i?2 KQbi bi`B+iHv Sb U*i2;Q`B2b A M/ AAV `2 MQi i?2
KQbi `2T`2b2MiiBp2- #Qi? BM i2`Kb Q7 MmK#2` M/ `2- rBi? +Qp2`;2 Q7 kyW Q7 i?2
iQiH T`Qi2+i2/ `2bX LQM2i?2H2bb- Hi?Qm;? +QKT`iBp2Hv 72r `2b `2 BM +i2;Q`v
AA ULiBQMH S`FbV- i?2v +Qp2` M `2 HKQbi bBKBH` iQ i?2 KQbi `2T`2b2Mi2/ ivT2
Q7 T`Qi2+i2/ `2- +i2;Q`v Ao U`2bT2+iBp2Hv 33R88 FKk M/ 33j8k FKk BM b2+X eXkVX
h?2 ?BbiQ`B+H /Bbi`B#miBQM Q7 i?2 /Bz2`2Mi ivT2b Q7 L.Sb Ki+?2b i?2 ?BbiQ`v Q7 i?2
1m`QT2M T2`+2TiBQM Q7 T`Qi2+i2/ `2bX 6`QK i?2 RN8yb iQ i?2 KB/@RNeyb #Qmi ?H7
Q7 i?2 Sb r2`2 BM i?2 KQbi `2bi`B+iBp2 +i2;Q`B2b UKQbiHv MiBQMH T`Fb- *iXAAV-
Rk8
*?Ti2` e hQr`/b  1m`QT2M TQHB+v 7Q` _2rBH/BM;






Ia Strict nature reserve1 Strict Protection
Strictly protected areas set aside to protect biodiversity and also possibly 
geological/geomorphological features, where human visitation, use and impacts are 
strictly controlled and limited to ensure protection of the conservation values. Such 






Ib Wilderness area Strict Protection
Protected areas are usually large unmodified or slightly modified areas, retaining their 
natural character and influence, without permanent or significant human habitation, which 









Protected areas are large natural or near natural areas set aside to protect large-scale 
ecological processes, along with the complement of species and ecosystems characteristic 
of the area, which also provide a foundation for environmentally and culturally compatible 









Protected areas are set aside to protect a specific natural monument, which can be a 
landform, sea mount, submarine cavern, geological feature such as a cave or even a living 
feature such as an ancient grove. They are generally quite small protected areas and often 











Protected areas aim to protect particular species or habitats and management reflects this 
priority. Many category IV protected areas will need regular, active interventions to 
address the requirements of particular species or to maintain habitats, but this is not a 









e conservation and 
recreation
A protected area where the interaction of people and nature over time has produced an 
area of distinct character with significant ecological, biological, cultural and scenic value: 
and where safeguarding the integrity of this interaction is vital to protecting and sustaining 






Protected area with 
sustainable use of 
natural resources
Sustainable use of 
natural resources
protected areas conserve ecosystems and habitats, together with associated cultural values 
and traditional natural resource management systems. They are generally large, with most 
of the area in a natural condition, where a proportion is under sustainable natural resource 
management and where low-level non-industrial use of natural resources compatible with 










(1) Two protected areas were asigned to category I, without distinction and were not counted in this table.
Not classified
(2) Areas designated as "National parks" in Europe can fall in different IUCN categories than II.
h#H2 eXRX, .2b+`BTiBQM Q7 i?2 /Bz2`2Mi Al*L *i2;Q`B2b 7Q` T`Qi2+i2/ `2b M/
+QMi`B#miBQM Q7 i?2 LiBQMHHv .2bB;Mi2/ S`Qi2+i2/ `2b Q7 1m`QT2 iQ i?Qb2
+i2;Q`B2b U.m/H2v- kyy3c 11- kyRjVX
Rke
eXk *m``2Mi +QMb2`piBQM TQHB+B2b BM i?2 1l
6B;m`2 eXRX, h2KTQ`H 2pQHmiBQM Q7 i?2 MmK#2` Q7 LiBQMHHv .2bB;Mi2/ S`Qi2+i2/
`2b BM 1m`QT2- M/ i?2 iQiH `2 T`Qi2+i2/X h?2 L.Sb `2 +HbbB}2/ ++Q`/BM;
iQ i?2 Al*L +i2;Q`B2b- L K2MBM; i?i i?2 `2 rb MQi v2i +HbbB}2/ U11-
kyRjVX
r?BH2 i?2 Qi?2` ?H7 r2`2 KM;2/ rBi? i?2 BM+HmbBQM M/fQ` iQH2`M+2 Q7 ?mKM
+iBpBiv U6B;X eXRVX AM i?2 RNdyb i?2`2 rb  H`;2 BM+`2b2 Q7 Sb /2bB;Mi2/ b i?2
H2bb `2bi`B+iBp2 +i2;Q`v o US`Qi2+i2/ HM/b+T2VX *m``2MiHv- i?2 Al*L +i2;Q`B2b AA
M/ A `2T`2b2Mi H2bb i?M  [m`i2` Q7 i?2 iQiH +HbbB}2/ Sb Q7 1m`QT2 U6B;X eXRVX
"B`/b M/ >#Biib .B`2+iBp2b
h?2 *QmM+BH Q7 1m`QT2 bB;M2/ i?2 "2`M *QMp2MiBQM BM RNdN iQ ;Bp2  H2;H 7`K2rQ`F
7Q` i?2 +QMb2`piBQM Q7 #BQ/Bp2`bBiv QM i?2 +QMiBM2Mi UCQM2b@qHi2`b  ÌBpBÉ- kyRjVX
h?Bb rb 7QHHQr2/ #v i?2 /QTiBQM Q7 i?2 "B`/ .B`2+iBp2 #v i?2 N K2K#2` bii2b
Q7 i?2 1l BM T`BH RNdN UdNf9yNf1*V- iQ `2bTQM/ iQ rQ``vBM; /2+`2b2b BM #B`/
TQTmHiBQMb Q#b2`p2/ QM i?2 +QMiBM2Mi- M/ +FMQrH2/;BM; i?i bQK2 bT2+B2b Q7
#B`/b `2  1m`QT2M ?2`Bi;2 M/ i?i i?2 +QMb2`piBQM Q7 KB;`iQ`v bT2+B2b Bb 
i`Mb@#QmM/`v Kii2`X h?2 .B`2+iBp2 rb Hi2` K2M/2/- b M2r K2K#2` bii2b
Rkd
*?Ti2` e hQr`/b  1m`QT2M TQHB+v 7Q` _2rBH/BM;
DQBM2/ i?2 1l M/ rb mT/i2/ BM LQp2K#2` kyyN 7Q` i?2 1lkd +QmMi`B2b U.B`2+iBp2
kyyNfR9df1*VX
h?2 /B`2+iBp2Ƕb `iB+H2b 2M;;2 i?2 K2K#2` bii2b- BMi2` HB- BMiQ KBMiBMBM; TQTm@
HiBQMb i pB#H2 H2p2Hb- +`2iBM; T`Qi2+i2/ `2b- M/ mT F22TBM; M/ KM;BM; #B`/
TQTmHiBQMb rBi?BM M/ QmibB/2 i?Qb2 `2bX S`iB+mH` ii2MiBQM b?QmH/ #2 ;Bp2M iQ
#B`/ bT2+B2b BM MM2t A URNj bT2+B2bV- r?BH2 bT2+B2b BM MM2t AA U3k bT2+B2bV Kv
#2 ?mMi2/ mM/2` MiBQMH H2;BbHiBQMbX h?2 /B`2+iBp2 `2bmHi2/ BM i?2 +`2iBQM Q7 aT2@
+BH S`Qi2+iBQM `2b UaSbV- r?B+? MmK#2` BM+`2b2/ bi2/BHv- BM+Hm/BM; rBi? i?2
//BiBQM Q7 M2r K2K#2` bii2b iQ i?2 1m`QT2M lMBQMX
h?2 "B`/ .B`2+iBp2 rb 7QHHQr2/- Rj v2`b Hi2`- #v i?2 >#Bii /B`2+iBp2 UNkf9jf11*V-
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European targets Status in 2010 Objective for 2020
17% of habitats and species protected by the Habitat 
directive are in favorable status
34% of the habitats and 26% of the species should 
either improve or be in a favorable status.
52% of the bird species are in a secure position 80% of bird species should be secured or improving
2. Maintain and restore ecosystems and 
their services
No continental data on degraded ecosystems, and the 
supply of ecosystem services
Increase knowledge and define actions 
- Mapping and assessment of the state of ecosystems 
and their services
- Definition of a strategic restoration framework, 
including with the development of green 
infrastructures
- Ensure no let loss of biodiversity and ecosystem 
services
Only 15-25% of extensive high nature value farmland 
remains.
7% of the habitats and 3% of the species protected by 
habitat directive and depending on agriculture have a 
favorable status.
Farmland bird populations have decreased by 50% since 
1980 but have now leveled of
Farmland butterfly populations have decreased by 70% 
since 1990.
21% of forest habitats and 15% of forest species protected 
under the habitat directive have a favorable status.
1-3% of forests are in natural and unmanaged status.
3. Increase the contribution of agriculture 
and forestry to biodiversity
1. Implement the habitat and bird directives
Maximise agricultural areas covered by biodiversity 
measures of the CAP.
- Enhance direct payments for environmental public 
goods in the EU CAP.
- Better target Rural development to biodiversity 
conservation.
- Conserve Europe's agricultural genetic diversity. 
Forest Management Plans, in line with Sustainable 
Forests Management are in place for all publicly 
owned forest and forest holdings above a certain size.
- Encourage forest holders to protect and enhance 
forest biodiversity.
- Integrate biodiversity measures in forest 
management plans.
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HX - kyRRVX
q?2M  i`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b bHB2M+v U2X;X KBMbi`2KBM;
i?2 +QM+2Ti Q7 `2rBH/BM;V ?b T`Qp2M iQ #2 2bb2MiB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BK 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/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M/ `2rBH/BM;X
hQ 7m`i?2` BKT`Qp2 i?2 FMQrH2/;2 QM i?2 TQi2MiBH Q7 `2rBH/BM; M/ rBH/ HM/b 7Q`
i?2 bmTTHv Q7 2+Qbvbi2K b2`pB+2b- i?2 bK2 ivT2 Q7 [mMiBiiBp2 MHvbBb b?QmH/ #2
2tT2M/2/ i i?2 1l b+H2- i?Qm;? BM i?Bb +b2- M bb2bbK2Mi Q7 i?2 p2`;2 bmTTHv
Q7 2+? b2`pB+2 i i?2 2+Q@`2;BQM H2p2H rQmH/ #2 KQ`2 `2H2pMiX
R9d
*?Ti2` d avMi?2bBb M/ 7mim`2 `2b2`+? p2Mm2b
A/2MiB7vBM; r?B+? 2+Qbvbi2K b2`pB+2b rQmH/ ?p2 M BM+`2b2/ bmTTHv M/ r?2`2 rBHH
HbQ +QMi`B#mi2 iQ i?2 BM+HmbBQM Q7 `2rBH/BM; BM i?2 1l +QMb2`piBQM TQHB+v ;2M/X
h?2`2 Bb `QQK 7Q` `2rBH/BM; BM i?2 1l +QMb2`piBQM
TQHB+B2b
 7`K2rQ`F 7Q` `2rBH/BM; BM i?2 1l TQHB+v /Q2b MQi v2i 2tBbi #mi i?2 rQ`F T`2b2Mi2/
BM i?Bb i?2bBb 2tTQb2b bQK2 2+QHQ;B+H M/ 2+QMQKB+H `;mK2Mib i?i +M +QMi`B#mi2
iQ ++2H2`iBM; i?2 BM+HmbBQM Q7 `2rBH/BM; BM i?2 +QMb2`piBQM ;2M/ Q7 1m`QT2X
AM/22/- `2rBH/BM; +m``2MiHv +QMi`bib rBi? i?2 HM/ +QMb2`piBQM TQHB+B2b i?i `2
BM TH+2 BM 1m`QT2- r?2`2 +iBp2 KM;2K2Mi Bb 2KT?bBx2/ #v KBMiBMBM;- Q`
KBKB+FBM;- HQr@BKT+i 2ti2MbBp2 ;`B+mHim`2 BM +2`iBM `2bX u2i- i?2 `2+2Mi `27Q`K
Q7 i?2 *QKKQM ;`B+mHim`H SQHB+v 7Q` i?2 kyR9@kyky T2`BQ/ /Q2b MQi b22K iQ /2HBp2`
QM i?2 ǳ;`22MBM;Ǵ 2tT2+iiBQMb i?i r2`2 TH+2/ QM Bi U2X;X S2Ƕ2` 2i HX - kyR9V- r?BH2
r2 b?Qr i?i `2rBH/BM; +M HbQ T`Qp2 iQ #2 2{+B2Mi iQ KBMiBM i?Qb2 ?2i2`Q;2M2Qmb
HM/b+T2bX
6m`i?2`KQ`2- b `;m2/ BM i?Bb i?2bBb- BKTH2K2MiBM; `2rBH/BM; BM 1m`QT2 +M H2/
iQ M BM+`2b2/ `2 Q7 rBH/2`M2bb- M/ +QMi`B#mi2 iQ i?2 1l M/ ;HQ#H i`;2ib b2i
7Q` kyky- #Qi? BM i2`Kb Q7 #BQ/Bp2`bBiv +QMb2`piBQM M/ 2+Qbvbi2K b2`pB+2b bmTTHvX
PM2 Q7 i?2 KDQ` `2KBMBM; HBKBiiBQMb iQ i?2 BKTH2K2MiiBQM Q7 `2rBH/BM; BM 1m`QT2
Bb i?2 M2;iBp2 T2`+2TiBQM Q7 7`KHM/ #M/QMK2Mi M/ `2rBH/BM;- T`iB+mH`Hv i?2
iQH2`M+2 i?i i?2 Tm#HB+ +M ?p2 7Q`  rBH/HB72 +QK2#+F U1Mb2`BMF  oQ;2H- kyyeVX
h?Bb Bb KBMHv i?2 +b2 r?2M Bi Bb ++QKTMB2/ #v T?vbB+H U2X;X /K;2 iQ +`QTb-
/2T`2/iBQM QM HBp2biQ+FV M/fQ` Tbv+?QHQ;B+H U72` Q7 ii+Fb- ǳ#/ `2TmiiBQMǴ
Q7  bT2+B2bV +QM~B+ib rBi? HQ+H +QKKmMBiB2b- M/ HBiiH2 ++2bb M/ BM7Q`KiBQM
QM KBiB;iBQM M/ +QKT2MbiBQM K2bm`2b Uh`2p2b  "`mbFQii2`- kyR9VX >2M+2-
BM Q`/2` iQ 7+BHBii2 i?2 /QTiBQM Q7 `2rBH/BM; #v i?2 p`BQmb biF2?QH/2`b M/
i?2 1l /2+BbBQM KF2`b- #2ii2` BM7Q`KiBQM M/ 2/m+iBQM- +QK#BM2/ rBi? 2{+B2Mi
KBiB;iBQM M/ +QKT2MbiBQM b+?2K2b b?QmH/ #2 BMp2biB;i2/ M/ BKTH2K2Mi2/X
"B#HBQ;`T?v
++BQ- oX- >QHK;`2M- JX- CMb2M- SX X-  a+?`Qii2`- PX kyydX JmHiBTH2 _2+`mBi@
K2Mi GBKBiiBQM *mb2b ``2bi2/ am++2bbBQM BM J2/Bi2``M2M *Q`F PF avbi2KbX
1+Qbvbi2Kb- RyUdV- RkkyĜRkjyX
B/2- hX J-  :`m- >X _X kyy9X :HQ#HBxiBQM- KB;`iBQM- M/ GiBM K2`B+M
2+Qbvbi2KbX a+B2M+2- jy8U8eNkV- RNR8ĜRNReX
Mi`QT- JX kyy8X q?v HM/b+T2b Q7 i?2 Tbi `2 BKTQ`iMi 7Q` i?2 7mim`2X GM/b+T2
M/ m`#M THMMBM;- dyUR@kV- kRĜj9X
`#2HQ- *X .X- _Q/`ő;m2x@_Q/`ő;m2x- X- :m2``- CX X- JQ`- CX GX- LQi`BQ- CX aX- 
6m2Mi2b- 6X kyyeX aQBH /2;`/iBQM T`Q+2bb2b M/ THMi +QHQMBxiBQM BM #M/QM2/
i2``+2/ }2H/b Qp2`HvBM; TmKB+2 imzbX GM/ .2;`/iBQM  .2p2HQTK2Mi- RdUeV-
8dRĜ833X
`+/BbX kyRRX _2+Q;MBxBM; Lim` kyyy #2M2}ib M/ /2KQMbi`iBM; i?2 2+QMQKB+
#2M2}ib Q7 +QMb2`piBQM K2bm`2bX 6BMH `2TQ`iX h2+?X `2TiX RRejNX 1m`QT2M *QK@
KBbbBQM @ .: sA @ 1MpB`QMK2MiX
`+?B#H/- aX- G2?KMM- *X 1X _X- :ƦK2x@.Mb- CX GX-  "`/biQ+F- _X X kyRjX
.2}MBM; Tv`QK2b M/ ;HQ#H bvM/`QK2b Q7 }`2 `2;BK2bX S`Q+22/BM;b Q7 i?2 LiBQMH
+/2Kv Q7 a+B2M+2b- RRyUReV- e99kĜe99dX
iiBrBHH- SXJX RNN9X h?2 /Bbim`#M+2 Q7 7Q`2bi 2+Qbvbi2Kb, i?2 2+QHQ;B+H #bBb 7Q`
+QMb2`piBp2 KM;2K2MiX 6Q`2bi 1+QHQ;v M/ KM;2K2Mi- ejUkV- k9dĜjyyX
"HK7Q`/- X- :`22M- _X-  a+?`H2KMM- C SX qX kyy8X aT`BM; HM/ 7Q` Mim`2,
2tTHQ`BM; i?2 TQi2MiBH BKT+i Q7 +?M;2b BM ;`B+mHim`H vB2H/ QM i?2 `2 M22/2/
7Q` +`QT T`Q/m+iBQMX :HQ#H *?M;2 "BQHQ;v- RRURyV- R8N9ĜRey8X
"`F2`- :X kyRRX `+?2QHQ;v, h?2 +Qbi Q7 +mHiBpiBQMX Lim`2- 9djUdj9eV- RejĜRe9X
"bbB- a- E2iimM2M- J- EKT- 1-  *pHB2`B- aX kyy3X 6Q`2bi }`2b, +mb2b M/
+QMi`B#miBM; 7+iQ`b iQ 7Q`2bi }`2 2p2Mib BM 1m`QT2X h2+?X `2TiX aim/v 7Q` i?2
R9N
*?Ti2` d "B#HBQ;`T?v
1m`QT2M S`HBK2Mi *QKKBii22 QM 1MpB`QMK2Mi- Sm#HB+ >2Hi? M/ 6QQ/ a72iv
mM/2` +QMi`+i ASff1LoAf6q*fkyye@RdkfGPhRf*Rfa*RyX
"i`v- SX- >QHxb+?m?- X- P`+B- EXJX- aKm- 6X-  hb+?`MiF2- hX kyRkX _2bTQMb2b
Q7 THMi- BMb2+i M/ bTB/2` #BQ/Bp2`bBiv iQ HQ+H M/ HM/b+T2 b+H2 KM;2K2Mi
BMi2MbBiv BM +2`2H +`QTb M/ ;`bbHM/bX ;`B+mHim`2- 1+Qbvbi2Kb  1MpB`QMK2Mi-
R9eURV- RjyĜRjeX
"iHHQ`B- 1X- S`BbB2M- JX@X- E`r+?mF- JX X-  JQ`Bix- JXX kyRjX *HBKi2
+?M;2@BM/m+2/ b?B7ib BM }`2 7Q` J2/Bi2``M2M 2+Qbvbi2KbX :HQ#H 1+QHQ;v M/
"BQ;2Q;`T?v- kkURyV- RRR3ĜRRkNX
"m2`- LX- qHHM2`- X-  >mMxBF2`- JX kyyNX h?2 +?M;2 Q7 1m`QT2M HM/b+T2b,
>mKM@Mim`2 `2HiBQMb?BTb- Tm#HB+ iiBim/2b iQr`/b `2rBH/BM;- M/ i?2 BKTHB+@
iBQMb 7Q` HM/b+T2 KM;2K2Mi BM arBix2`HM/X CQm`MH Q7 2MpB`QMK2MiH KM@
;2K2Mi- NyUNV- kNRyĜkNkyX
"2BHBM- _- GBM/#Q`;- _- ai2Mb2F2- J- S2`2B`- > J- GHmb¨b- - aH iKQ- 1- *2`[m2B`-
u- Lp``Q- G- _Q/`B;m2b- S- _2B+?2Hi- L- JmM`Q- L-  Zm2B`Qx- *X kyR9X MHvbBM;
?Qr /`Bp2`b Q7 ;`B+mHim`H HM/ #M/QMK2Mi z2+i #BQ/Bp2`bBiv M/ +mHim`H HM/@
b+T2b mbBM; +b2 bim/B2b 7`QK a+M/BMpB- A#2`B M/ P+2MBX GM/ lb2 SQHB+v-
je- eyĜdkX
"2HH- a- JQMi`xBMQ- - bTBMHH- S- S2MĚx2- w-  LBFQ/2Kmb- PX kyyNX _m`H aQ+B2iv-
aQ+BH AM+HmbBQM M/ GM/b+T2 *?M;2 BM *2Mi`H M/ 1bi2`M 1m`QT2,  *b2
aim/v Q7 GipBX aQ+BQHQ;B _m`HBb- 9NUjV- kN8ĜjkeX
"B`/HB72 AMi2`MiBQMHX kyRRX _2rBH/BM; Kv Qz2`  bmbiBM#H2 Hi2`MiBp2 iQ i`/B@
iBQMH KM;2K2MiX S`2b2Mi2/ b T`i Q7 i?2 "B`/GB72 aii2 Q7 i?2 rQ`H/Ƕb #B`/b
r2#bBi2X
"B`Fb- >X CQ?M "X kyy8X JBM/ i?2 ;T, ?Qr QT2M r2`2 1m`QT2M T`BK2pH 7Q`2bib\
h`2M/b BM 1+QHQ;v  1pQHmiBQM- kyU9V- R8RĜR89X
"Bb?QT- CX-  hBK#2`HF2- GX kyydX "mbBM2bb M/ 1+Qbvbi2Kb, J`F2ib 7Q` 1+Qbvbi2K
a2`pB+2b@L2r *?HH2M;2b M/ PTTQ`imMBiB2b 7Q` "mbBM2bb M/ i?2 1MpB`QMK2MiX
h2+?X `2TiX Al*LX
"Bb?QT- C- ETBH- a- >B+Fb- 6- JBi+?2HH- S-  oQ`?B2b- 6X kyy3X "mBH/BM; #BQ/Bp2`bBiv
#mbBM2bbX h2+?X `2TiX Al*LX
"HQM/2H- CX kyyeX h?2 ǵ.2bB;MǶ Q7 J2/Bi2``M2M GM/b+T2b,  JBHH2MMBH aiQ`v
R8y
"B#HBQ;`T?v
Q7 >mKMb M/ 1+QHQ;B+H avbi2Kb /m`BM; i?2 >BbiQ`B+ S2`BQ/X >mKM 1+QHQ;v-
j9U8V- dRjĜdkNX
"HQM/2H- C+[m2b-  `QMbQM- CK2bX RNNNX "BQHQ;v M/ qBH/HB72 Q7 i?2 J2/Bi2`@
`M2M _2;BQMX Pt7Q`/ lMBp2`bBiv S`2bbX
"QBiMB- GX kyyyX +iBQM THM 7Q` i?2 +QMb2`piBQM Q7 i?2 rQHp2b U*MBb HmTmbV BM
1m`QT2X h2+?X `2TiX
"QBiMB- G-  GBMM2HH- C .X*X BM T`2bbX "`BM;BM; H`;2 KKKHb #+F, H`;2 +`MBpQ`2b
BM 1m`QT2X AM, _2rBH/BM; 1m`QT2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q GXJX
2/MX aT`BM;2`X
"QM/- qX C-  E22H2v- CX 1X kyy8X 6B`2 b  ;HQ#H Ƕ?2`#BpQ`2Ƕ, i?2 2+QHQ;v M/
2pQHmiBQM Q7 ~KK#H2 2+Qbvbi2KbX h`2M/b BM 2+QHQ;v  2pQHmiBQM- kyUdV- j3dĜ
jN9X
"Q``BMB@62v2`#2M/- :- .m/H2v- L- C2;2`- h- Gbb2M- "- Si?F "`QQK2- L- S?BHHBTb-
-  aM/rBi?- hX kyRjX :Qp2`MM+2 Q7 S`Qi2+i2/ `2bX 6`QK mM/2`biM/BM; iQ
+iBQMX h2+?X `2TiX Al*L- :HM/- arBix2`HM/X
"Qr2M- JX 1- J+HTBM2- *X - >Qmb2- X SXL-  aKBi?- :X *X kyydX _2;`Qri? 7Q`2bib
QM #M/QM2/ ;`B+mHim`H HM/,  `2pB2r Q7 i?2B` ?#Bii pHm2b 7Q` `2+Qp2`BM;
7Q`2bi 7mMX "BQHQ;B+H *QMb2`piBQM- R9yUj@9V- kdjĜkNeX
"QrH2b- aX kyRRX *mHiBpiBQM Q7 +2`2Hb #v i?2 }`bi 7`K2`b rb MQi KQ`2 T`Q/m+iBp2
i?M 7Q`;BM;X S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- Ry3UJ`XV- 9deyĜ
9de8X
"QrKM- .X JX CX aX- "H+?- CX EX- `itQ- SX- "QM/- qX CX- *`HbQM- CX JX-
*Q+?`M2- JX X- .ǶMiQMBQ- *X JX- .26`B2b- _X aX- .QvH2- CX *X- >``BbQM- aX SX-
CQ?MbiQM- 6X >X- E22H2v- CX 1X- E`r+?mF- JX X- EmHH- *X X- J`biQM- CX "X-
JQ`Bix- JX X- S`2MiB+2- AX *X- _QQb- *X AX- a+Qii- X *X- ar2iMK- hX qX- pM /2`
q2`7- :X _X-  SvM2- aX CX kyyNX 6B`2 BM i?2 1`i? avbi2KX a+B2M+2- jk9U8NkeV-
93RĜ939X
"QrKM- .X JXCXaX- PǶ"`B2M- CX X-  :QH/KK2`- CX :X kyRjX Sv`Q;2Q;`T?v M/
i?2 :HQ#H Zm2bi 7Q` ambiBM#H2 6B`2 JM;2K2MiX MMmH _2pB2r Q7 1MpB`QM@
K2Mi M/ _2bQm`+2b- j3URV- 8dĜ3yX
"`/b?r- _X >Xq- >MMQM- :X 1-  GBbi2`- X JX kyyjX  HQM;@i2`K T2`bT2+iBp2




"`mKM- EX - .BHv- :X *- .m`i2- hX E-  JQQM2v- >X X kyydX h?2 Mim`2 M/
pHm2 Q7 2+Qbvbi2K b2`pB+2b, M Qp2`pB2r ?B;?HB;?iBM; ?v/`QHQ;B+ b2`pB+2bX MMmX
_2pX 1MpB`QMX _2bQm`X- jk- edĜN3X
"`2Bi2MKQb2`- lX RNN3X G`;2 T`2/iQ`b BM i?2 HTb, i?2 7HH M/ `Bb2 Q7 KMǶb
+QKT2iBiQ`bX "BQHQ;B+H *QMb2`piBQM- 3jUjV- kdNĜk3NX
"`QrM- *- J+KQ``M- _-  S`B+2- J 6X kyRRX _2rBH/BM;Ĝ L2r S`/B;K 7Q` Lim`2
*QMb2`piBQM BM a+QiHM/\ a+QiiBb? :2Q;`T?B+H CQm`MH- RkdU9V- k33ĜjR9X
"`v/2M- .X JX- q2bi#`QQF- aX_X- "m`Mb- "X- hvHQ`- qX X-  M/2`bQM- aX kyRyX b@
b2bbBM; i?2 2+QMQKB+ BKT+ib Q7 Mim`2 #b2/ iQm`BbK BM a+QiHM/ @ *QKKBbbBQM2/
_2TQ`i LQX jN3X h2+?X `2TiX a+QiiBb? Lim`H >2`Bi;2X
"aq:X kyRjX "2p2`@bHKQMB/ BMi2`+iBQMb BM a+QiHM/, a+QTBM; i?2 BKK2/Bi2
+iBQM `2[mB`2/ iQr`/b i?2 T`Q/m+iBQM Q7 i?2 #2p2`@bHKQMB/ `2TQ`iX rQ`Fb?QT
T`Q+22/BM;bX h?2 a+QiBb? 1MpB`QMK2Mi JBMBbi2`X
"m;H?Q- JXLX- *H/2B`- JX*X- S2`2B`- CXaX- `QMbQM- CX-  Smbb- CX:X kyRRX
J2/Bi2``M2M +Q`F QF bpMMb `2[mB`2 ?mKM mb2 iQ bmbiBM #BQ/Bp2`bBiv M/
2+Qbvbi2K b2`pB+2bX 6`QMiB2`b BM 1+QHQ;v M/ i?2 1MpB`QMK2Mi- NU8V- kd3Ĝk3eX
"mHHQ+F- .XCX kyyNX q?i H`;2` KKKHb /B/ "`BiBM ?p2 M/ r?i /B/ i?2v /Q\
"`BiBb? qBH/HB72- kyU8V- ReĜkyX
"m`iQM- X kyRRX q?2`2 i?2 rBb2Mib `QKX 6`QMiB2`b BM 1+QHQ;v M/ i?2 1MpB`QMK2Mi-
NUkV- R9yĜR9yX
"mi+?`i- a >X JX- qHTQH2- J- *QHH2M- "- pM ai`B2M- - a+?`H2KMM- C SX qX-
HKQM/- _ 1X X- "BHHB2- C 1X JX- "QK?`/- "- "`QrM- *- "`mMQ- C- *`T2Mi2`-
E 1X- *``- : JX- *?MbQM- C- *?2M2`v-  JX- *bB`F2- C- .pB/bQM- L *X- .2Mi2M2`-
6- 6Qbi2`- J- :HHB- - :HHQrv- C LX- :2MQp2bB- S- :`2;Q`v- _ .X- >Q+FBM;b- J-
ETQb- o- GK`[m2- C6- G2p2`BM;iQM- 6- GQ?- C- J+:2Q+?- J X- J+_2- G-
JBMbvM- - JQ`+BHHQ- J >- PH/}2H/- h 1X 1X- SmHv- .- Zm/2`- a- _2p2M;-
*- am2`- C _X- aFQHMBF- "- aT2`- .- aiMr2HH@aKBi?- .- aim`i- a LX- avK2b-
- hB2`M2v- J- hv``2HH- h .X- oBû- C*-  qibQM- _X kyRyX :HQ#H #BQ/Bp2`bBiv,
BM/B+iQ`b Q7 `2+2Mi /2+HBM2bX a+B2M+2- jk3U8N3kV- RRe9ĜRRe3X
"v2`b- C 1X- *m//BM;iQM- E- CQM2b- * :X- hHH2v- h aX- >biBM;b- - GK#`BMQb-
C :X- *`QQFb- C X-  qBHbQM- q :X kyyeX lbBM; 2+Qbvbi2K 2M;BM22`b iQ `2biQ`2
2+QHQ;B+H bvbi2KbX h`2M/b BM 1+QHQ;v  1pQHmiBQM- kRUNV- 9NjĜ8yyX
R8k
"B#HBQ;`T?v
*KT#2HH- _X.X- .miiQM- X-  >m;?2b- CX kyydX 1+QMQKB+ BKT+ib Q7 i?2 #2p2`X
h2+?X `2TiX qBH/ "`BiBM AMBiBiBp2X
*`#QM2HH- 1X- "2`Kȹ/2x /2 *bi`Q- CX JX- S`ûb- CX JX- Sû`2x@:QMxH2x- X- *m2M+@
"2b+Ʀb- :X- PHHû- X- JQb[m2`- JX- >m;m2i- _X- pM /2` J/2- CX- _Qbb- X- aH-
_X- oHHp2`/ȹ- CX- :`+ő- LX- :`M;2`- .X 1X- J`iBMƦM@hQ``2b- JX- _Q/`ő;m2x-
sX SX- aiQ+F- :X JX- o2`;ĕb- CX JX- HHmû- 1X- "m`D+?b- 6X- *+2`2b- AX- *MHb- X-
"2MBiQ- X- .ő2x- *X- GQxMQ- JX- Ji2Qb- X- LpxQ- JX- _Q/`ő;m2x- CX- _Qb2HH-
CX-  `bm;- CX GX kyy3X h?2 }`bi ?QKBMBM Q7 1m`QT2X Lim`2- 98kUdR3eV-
9e8Ĝ9eNX
*`Q- hX kyydX h?2 SH2BbiQ+2M2 `2@rBH/BM; ;K#BiX h`2M/b BM 1+QHQ;v  1pQHmiBQM-
kkUeV- k3RĜk3jX
*`T2Mi2`- aX _X- JQQM2v- >X X- ;`/- CX- *TBbi`MQ- .X- .26`B2b- _X aX- .őx-
aX- .B2ix- hX- .m`BTT?- X EX- Pi2M;@u2#Q?- X- S2`2B`- >X JX- 2i HX X
kyyNX a+B2M+2 7Q` KM;BM; 2+Qbvbi2K b2`pB+2b, "2vQM/ i?2 JBHH2MMBmK 1+Qbvbi2K
bb2bbK2MiX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- RyeU8V- Rjy8ĜRjRkX
*`pH?Q@_B#2B`Q- a- JB;HBQxxB- - AM+2`iB- :-  SBMiQ *Q``2B- hX kyRjX SH+BM;
HM/ +Qp2` Tii2`M T`272`2M+2b QM i?2 KT, "`B/;BM; K2i?Q/QHQ;B+H TT`Q+?2b
Q7 HM/b+T2 T`272`2M+2 bm`p2vb M/ bTiBH Tii2`M MHvbBbX GM/b+T2 M/ l`#M
SHMMBM;- RR9UCmM2V- 8jĜe3X
*`p2`- aX kyRyX *?Ti2` RyXj JQmMiBMb M/ rBH/2`M2bbX h2+?X `2TiX efkyRyX
1m`QT2M 1MpB`QMK2Mi ;2M+vX
*".X kyRRX B+?B "BQ/Bp2`bBiv h`;2ibX h2+?X `2TiX
*2mbm- a- *`p2`- a- o2`#m`;- S >X- Em2+?Hv- > lX- >QHF2`- 6- "`QiQMb- G- 
S2`2B`- > JX BM T`2bbX 1m`QT2M rBH/2`M2bb BM  iBK2 Q7 7`KHM/ #M/QMK2MiX
AM, _2rBH/BM; 1m`QT2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q GXJX 2/MX aT`BM;2`
L2i?2`HM/bX
*2`[m2B`- uX kyR9X aQ+BQ@2+QHQ;v Q7 `m`H #M/QMK2Mi, 7`QK 7`K2`bǶ T2`+2TiBQMb iQ
2+Qbvbi2Kb b2`pB+2bX S?X.X i?2bBb- *A"AP- 6+mH//2 /2 *BāM+Bb / lMBp2`bB//2
/2 SQ`iQX
*2`[m2B`- u- `mDQ- *- oB+2Mi2- C- S2`2B`- > JX-  >QM`/Q- CX kyyNX 1+QHQ;B+H
M/ +mHim`H +QMb2[m2M+2b Q7 ;`B+mHim`H #M/QMK2Mi BM i?2 S2M2/@:2`āb L@




*?M- E JX - a?r- JX _- *K2`QM- . _- lM/2`rQQ/- 1 *-  .BHv- : *X kyyeX
*QMb2`piBQM SHMMBM; 7Q` 1+Qbvbi2K a2`pB+2bX SGQa "BQH- 9URRV- 2jdNX
*?m+?`/- a- *`+BHH2i- *-  :mB#H- 6X kyydX Sii2`Mb Q7 GM/@mb2 #M/QM@
K2Mi *QMi`QH h`22@`2+`mBiK2Mi M/ 6Q`2bi .vMKB+b BM J2/Bi2``M2M JQmMiBMbX
1+Qbvbi2Kb- RyUeV- NjeĜN93X
*?x/QM- _X GX kyy3X "2vQM/ /27Q`2biiBQM, `2biQ`BM; 7Q`2bib M/ 2+Qbvbi2K b2`pB+2b
QM /2;`/2/ HM/bX b+B2M+2- jkyU833kV- R983ĜR9eyX
*G*SX kyyyX MMmH _2TQ`iX h2+?X `2TiX *`Ti?BM G`;2 *`MBpQ`2 S`QD2+i-
w`M2biB _QKMBX
*H2r2HH- -  J+.QMH/- hX kyyNX _2H2pM+2 Q7 Lim`H _2+Qp2`v iQ 2+QHQ;B+H
`2biQ`iBQMX 1+QHQ;B+H _2biQ`iBQM- kdUkV- RkkĜRk9X
*Q2ix2`- E GX- qBiFQrbFB- 1 hX 6X-  1`bKmb- " 6X LX kyR9X _2pB2rBM; "BQbT?2`2
_2b2`p2b ;HQ#HHv, 2z2+iBp2 +QMb2`piBQM +iBQM Q` #m`2m+`iB+ H#2H\ "BQHQ;B+H
_2pB2rb- 3NURV- 3kĜRy9X
*QMM2HH- CX>X RNd3X .Bp2`bBiv BM h`QTB+H _BM 6Q`2bib M/ *Q`H _227bX a+B2M+2-
RNNU9jj8V- RjykĜRjRyX
*QMiB- :-  6;`xxB- GX kyy8X 6Q`2bi 2tTMbBQM BM KQmMiBM 2+Qbvbi2Kb, Ǵ2MpB@
`QMK2MiHBbiǶb /`2KǴ Q` bQ+B2iH MB;?iK`2\ SHMmK@h?2 1m`QT2M CQm`MH Q7
SHMMBM;- RR- RĜkyX
*QQT2`- hX- "H/Q+F- .X- _vK2Mi- JX- Em?KQM2M- hX- h2`HmBM- AX- arH2b- oX- SQmt-
sX- wF2QbbBM- .X-  6`K2`- JX kyyeX M 2pHmiBQM Q7 i?2 H2bb 7pQm`2/ `2
K2bm`2 BM i?2 k8 K2K#2` bii2b Q7 i?2 1m`QT2M lMBQMX h2+?X `2TiX AMbiBimi2 7Q`
1m`QT2M 1MpB`QMK2MiH SQHB+vX
*Q`H2ii- _B+?`/ hX kyRkX h?2 b?B7i2/ #b2HBM2, S`2?BbiQ`B+ /27mMiBQM BM i?2 i`QTB+b
M/ Bib +QMb2[m2M+2b 7Q` #BQ/Bp2`bBiv +QMb2`piBQMX "BQHQ;B+H *QMb2`piBQM- Rej-
RjĜkRX
*Q`iûb@pBxM/- - .QMx`- CXX-  S2`2B`- >X JX BM T`2bbX hQT b+p2M;2`b BM
 rBH/2` 1m`QT2X AM, _2rBH/BM; 1m`QT2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q
GXLX 2/MX aT`BM;2`X




*`K2`- oX - >Q##b- _X C-  aiM/Bb?- _X CX kyy3X q?iǶb M2r #Qmi QH/ }2H/b\
GM/ #M/QMK2Mi M/ 2+Qbvbi2K bb2K#HvX h`2M/b BM 1+QHQ;v  1pQHmiBQM-
kjUkV- Ry9ĜRRkX
*`K2`- oBFB X kyydX PH/ }2H/b b +QKTH2t bvbi2Kb, M2r +QM+2Tib 7Q` /2b+`B#BM;
i?2 /vMKB+b Q7 #M/QM2/ 7`KHM/X S;2 jj9 Q7, *`K2`- oX -  >Q##b- _X C
U2/bV- PH/ }2H/b, .vMKB+b M/ `2biQ`iBQM Q7 #M/QM2/ 7`KHM/X AbHM/ T`2bb
qb?BM;iQM- .*X
*`Q7ib- _X kyR9X h?2 2m`QT2M Lim` kyyy T`Qi2+i2/ `2 TT`Q+?,  T`+iBiBQM2`Ƕb
T2`bT2+iBp2X S`Fb- ky- d8Ĝ3eX
*`mx- X-  "2M2/B+iQ- CX kyyNX bb2bbBM; aQ+BQ@2+QMQKB+ "2M2}ib Q7 Lim` kyyy,
 *b2 aim/v QM i?2 2+Qbvbi2K b2`pB+2b T`QpB/2/ #v aT SB+Q . o` f _B#2B`Q
.Q :mBH?2`K2X h2+?X `2TiX ydyjydfkyydf9399yjfJ_f"kX *Qbi 2biBKi2 M/
#2M2}ib Q7 Lim` kyyyX
.MBm- XGX- /Ƕ1``B+Q- 6X-  :QƢB- JX6XaX kyRyX h2biBM; i?2 ?vTQi?2bBb Q7 }`2
mb2 7Q` 2+Qbvbi2K KM;2K2Mi #v L2M/2`i?H M/ lTT2` SH2QHBi?B+ KQ/2`M
?mKM TQTmHiBQMbX SHQa QM2- 8UkV- 2NR8dX
.m;bi/- EX- _QMMBM;2M- EX-  aF`- "X kyyeX ;`B+mHim`2 b M mT?QH/2` Q7
+mHim`H ?2`Bi;2\ *QM+2TimHBxiBQMb M/ pHm2 Dm/;2K2MibĜ LQ`r2;BM T2`@
bT2+iBp2 BM BMi2`MiBQMH +QMi2tiX CQm`MH Q7 _m`H aim/B2b- kkURV- edĜ3RX
.p2m- aX kyyjX *KBM?Qb 2 7`QMi2B` M a2`` / S2M2/X H;mMb 2t2KTHQb MQb
bû+mHQb so 2 soA 2 M +imHB//2X _2pBbi / 6+mH//2 /2 G2i`b @ :2Q;`} A-
sAs- 3RĜNeX
.t- hX kyy8X h?2 `2/2}MBiBQM Q7 1m`QT2Ƕb G2bb 6pQm`2/ `2bX AM, 6mM/BM;
1m`QT2M _m`H .2p2HQTK2Mi BM kyydĜkyRjX JS_- GQM/QMX
/2 :`QQi- _- "`M/2`- G- pM /2` SHQ2;- a- *QbiMx- _- "2`M`/- 6- "`i- G-
*?`BbiB2- J- *`QbbKM- L- :?2`KM/B- - >2BM- G- >mbbBM- a- EmK`- S- J+oBi@
iB2- - SQ`i2H- _- _Q/`B;m2x- G *X- i2M "`BMF- S-  pM "2mF2`BM;- SX kyRkX
:HQ#H 2biBKi2b Q7 i?2 pHm2 Q7 2+Qbvbi2Kb M/ i?2B` b2`pB+2b BM KQM2i`v mMBibX
1+Qbvbi2K a2`pB+2b- RURV- 8yĜeRX
/2 :`QQi- _ aX- "HB;Mmi- C- oM .2` SHQ2;- a- `QMbQM- C- 1HK[pBbi- h-  6`H2v-




.2+F2`- a 1X- "i?-  CX- aBKKb- - GBM/M2`- l-  _2BbBM;2`- 1X kyRyX h?2 _2im`M Q7
i?2 EBM; Q` "`BM;BM; aMBHb iQ i?2 :`/2M\ h?2 >mKM .BK2MbBQMb Q7  S`QTQb2/
_2biQ`iBQM Q7 1m`QT2M "BbQM U "BbQM #QMbmb V BM :2`KMvX _2biQ`iBQM 1+QHQ;v-
R3URV- 9RĜ8RX
.2BM2i- aX- A2`QMvKB/Qm- *X- J+_2- GX- "m`}2H/- AXCX- 6QTT2M- _XSX- *QHH2M- "X- 
"Q?K- JX kyRjX qBH/HB72 +QK2#+F BM 1m`QT2, i?2 `2+Qp2`v Q7 b2H2+i2/ KKKH
M/ #B`/ bT2+B2bX h2+?X `2TiX 6BMH `2TQ`i iQ _2rBH/BM; 1m`QT2 #v waG- "B`/GB72
AMi2`MiBQMH M/ i?2 1m`QT2M "B`/ *2Mbmb *QmM+BHX- GQM/QM- lEX
.2HB#2b@Ji2Qb- J- .2HB#2b- J- 62``2`b- S-  oBHH7m2`i2- _X kyy3X E2v _QH2 Q7 1m@
`QT2M _##Bib BM i?2 *QMb2`piBQM Q7 i?2 q2bi2`M J2/Bi2``M2M "bBM >QibTQiX
*QMb2`piBQM "BQHQ;v- kkU8V- RRyeĜRRRdX
.2M;- G- a?M;;mM- w@S-  ar22M2v- aX kyRjX *?M;2b BM aQBH *`#QM M/ LBi`Q;2M
7QHHQrBM; GM/ #M/QMK2Mi Q7 6`KHM/ QM i?2 GQ2bb SHi2m- *?BMX SHQa QM2-
3U3V- 2dRNkjX
.2pv@o`2i- LX-  Hp2b- XXJX kyydX Pb pMÏQb 2 Qb `2+mQb / ~Q`2bi 2K
SQ`im;H@/ A//2 Jû/B Q GB#2`HBbKQX AM, CXaX- aBHp U2/V- 6HQ`2bi 2 bQ+B2//2-
mK ?BbiQ`B 2K +QKmKX Sȹ#HB+Q a 2 6mM/Ï½Q GmbQ@K2`B+M, GBb#QX
.QKBM;m2b- CX-  _Q/`B;m2b- X kyy3X "`M/b 2 BMp2`M2B`b, Q MQK/BbKQ T2+mHB`
/2 *bi`Q G#Q`2B`QX ``BMQb- oAA- eNĜ38X
.QMH/- SX6X- aM/2`bQM- 6XCX- "m`}2H/- AXCX- "B2`KM- aXJX- :`2;Q`v- _X.X-  qH@
B+xFv- wX kyydX AMi2`MiBQMH +QMb2`piBQM TQHB+v /2HBp2`b #2M2}ib 7Q` #B`/b BM
1m`QT2X a+B2M+2- jRdU83jNV- 3RyĜ3RjX
.QMHM- *X C- "2`;2`- CX- "Q+F- *X 1- "Q+F- CX >- "m`M2v- .X - 1bi2b- CX - 6Q`2KM-
.X- J`iBM- SX a- _Q2K2`- :X q- aKBi?- 6X - 2i HX X kyyeX SH2BbiQ+2M2 `2rBH/BM;,
M QTiBKBbiB+ ;2M/ 7Q` ir2Miv@}`bi +2Mim`v +QMb2`piBQMX K2`B+M Lim`HBbi-
Re3U8V- eeyĜe3RX
.`Bb+QHH- .X X- GBM/2MKv2`- .X "X- "2MM2ii- X 6X- "Q/2- JX- "`/biQ+F- _X X-
*`v- :X CX- *H`F2- JX 6X- .2ti2`- LX- 62Mb?K- _X- 6`B2M/- :X- :BHH- JX- CK2b-
aX- Ev- :X- E2Bi?- .X X- J+:`2;Q`- *X- _mbb2HH@aKBi?- CX- aHi- .X- qibQM-
CX 1XJX- qBHHBKb- _X CX-  uQ`F- X kyRyX 6B`2 KM;2K2Mi 7Q` #BQ/Bp2`bBiv




.m/H2v- LX kyy3X :mB/2HBM2b 7Q` TTHvBM; T`Qi2+i2/ `2 KM;2K2Mi +i2;Q`B2bX
h2+?X `2TiX *QMb2D2`ő /2 J2/BQ K#B2Mi2 M/HmbB UaTBMV- Al*L qQ`H/ *QK@
KBbbBQM QM S`Qi2+i2/ `2b- 6mM/+BƦM "BQ/Bp2`bB//- Al*LĜh?2 qQ`H/ *QMb2`@
piBQM lMBQM- :HM/- arBix2`HM/X
.m/H2v- L- aX- aiQHiQM- "2HQFm`Qp- X- E`m2;2`- GX- GQTQmF?BM2- LX- J+EBMMQM-
EX- aM/rBi?- hX-  a2F?`M- LX kyRyX Lim`H aQHmiBQMb, S`Qi2+i2/ `2b ?2HTBM;
T2QTH2 +QT2 rBi? +HBKi2 +?M;2X h2+?X `2TiX Al*L- q*S- hL*- lL.S- q*a-
h?2 qQ`H/ "MF M/ qq6X
.mM#`- J "- SM;Qb- Sb-  JQMiM`2HH- GX kyRjX 1m`QT2M T2`bT2+iBp2 Q7
2+Qbvbi2K b2`pB+2b M/ `2Hi2/ TQHB+B2bX AMi2;`i2/ 2MpB`QMK2MiH bb2bbK2Mi M/
KM;2K2Mi- NUkV- kjRĜkjeX
11X kyy9X >B;? Mim`2 pHm2 7`KHM/ @ *?`+i2`BbiB+b- i`2M/b M/ TQHB+v +?H@
H2M;2bX h2+?X `2TiX 1m`QT2M 1MpB`QMK2Mi ;2M+vX
11X kyyNX .Bbi`B#miBQM M/ i`;2iBM; Q7 i?2 *S #m/;2i 7`QK  #BQ/Bp2`bBiv
T2`bT2+iBp2X h2+?X `2TiX 1m`QT2M 1MpB`QMK2Mi ;2M+vX
11X kyyN#X aii2 Q7 T`Q;`2bb #v J2K#2` aii2b BM /2bB;MiBM; bm{+B2Mi T`Qi2+i2/
`2b iQ T`QpB/2 7Q` >#Biib .B`2+iBp2 UNkf9jf11*V MM2t A ?#Biib M/ MM2t
AA bT2+B2bX h2+?X `2TiX 1m`QT2M 1MpB`QMK2Mi ;2M+vX
11X kyRyX *Q`BM2 GM/ *Qp2` kyye `bi2` /iX h2+?X `2TiX 1m`QT2M 1MpB`QM@
K2Mi ;2M+vX
11X kyRy#X AMi2;`i2/ bb2bbK2Mi Q7 1m`QT2Ƕb KQmMiBM `2bX h2+?X `2TiX 1m`Q@
T2M 1MpB`QMK2Mi ;2M+v- *QT2M?;2MX
11X kyRjX LiBQMHHv /2bB;Mi2/ `2b U*..@RVX h2+?X `2TiX
11X kyRj#X Lim` kyyy /i @ i?2 1m`QT2M M2irQ`F Q7 T`Qi2+i2/ bBi2bX h2+?X
`2TiX
1;Q?- "- _2v2`b- "- _Qm;2i- J- _B+?`/bQM- . JX- G2 JBi`2- . *X-  pM C`bp2H/-
 aX kyy3X JTTBM; 2+Qbvbi2K b2`pB+2b 7Q` THMMBM; M/ KM;2K2MiX ;`B+mHim`2-
1+Qbvbi2Kb  1MpB`QMK2Mi- RkdUR@kV- Rj8ĜR9yX
1B+F?Qmi- "X- oM J2BDH- >X- h#2m- X-  oM _?22M2M- hX kyydX 1+QMQKB+ M/




1HHBb- 1 *X kyRjX ambiBMBM; #BQ/Bp2`bBiv M/ T2QTH2 BM i?2 rQ`H/Ƕb Mi?`QTQ;2MB+
#BQK2bX *m``2Mi PTBMBQM BM 1MpB`QMK2MiH ambiBM#BHBiv- 8Uj@9V- je3ĜjdkX
1HHBb- 1 *X- ETHM- C PX- 6mHH2`- . Z- op`mb- a- EH2BM :QH/2rBDF- E-  o2`#m`;-
S >X kyRjX lb2/ THM2i,  ;HQ#H ?BbiQ`vX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv
Q7 a+B2M+2b- RRyUkyV- dNd3ĜdN38X
1Mb2`BMF- JX-  oQ;2H- :X kyyeX h?2 +`MBpQ`2 +QK2#+FX a+B2M+2- jR9U83yyV- d9eX
1`#- E@>- E`mbKMM- 6- :m#2- o- :BM;`B+?- a- "QM/2m- - 6Bb+?2`@EQrHbFB-
J-  >#2`H- >X kyyNX MHvxBM; i?2 ;HQ#H ?mKM TT`QT`BiBQM Q7 M2i T`BK`v
T`Q/m+iBQM ě T`Q+2bb2b- i`D2+iQ`B2b- BKTHB+iBQMbX M BMi`Q/m+iBQMX 1+QHQ;B+H
1+QMQKB+b- eNUkV- k8yĜk8NX
1`BFbbQM- PX- *QmbBMb- aXXPX-  "`mmM- >X >X kyykX GM/@mb2 ?BbiQ`v M/ 7`;K2M@
iiBQM Q7 i`/BiBQMHHv KM;2/ ;`bbHM/b BM a+M/BMpBX CQm`MH Q7 o2;2iiBQM
a+B2M+2- RjU8V- d9jĜd93X
1m`QT2M *QKKBbbBQMX kyykX *QKKBbbBQM qQ`FBM; .Q+mK2Mi QM Lim` kyyyX
h2+?X `2TiX "`mbb2HbX
1m`QT2M *QKKBbbBQMX kyy3X Pp2`pB2r Q7 i?2 H2bb 7pQm`2/ `2b 7`Kb BM i?2 1l@
k8 Ukyy9Ĝkyy8VX h2+?X `2TiX 1m`QT2M *QKKBbbBQM @ .: ;`B+mHim`2 M/ _m`H
.2p2HQTK2MiX
1m`QT2M *QKKBbbBQMX kyy3#X SQp2`iv M/ bQ+BH 2t+HmbBQM BM `m`H `2bX h2+?X
`2TiX 1m`QT2M *QKKBbbBQM @ .: 1KTHQvK2Mi- aQ+BH zB`b M/ 1[mH PTTQ`@
imMBiB2bX
1m`QT2M *QKKBbbBQMX kyy3+X _2pB2r Q7 i?2 G2bb 6pQm`2/ `2 a+?2K2X h2+?X
`2TiX 1m`QT2M *QKKBbbBQM @ .: ;`B+mHim`2 M/ _m`H .2p2HQTK2MiX
1m`QT2M *QKKBbbBQMX kyyNX L2r AMbB;?ib BMiQ KQmMiBM 7`KBM; BM i?2 1m`QT2M
lMBQMX h2+?X `2TiX .: ;`B+mHim`2 M/ _m`H .2p2HQTK2Mi- "`mbb2HbX
1m`QT2M *QKKBbbBQMX kyRyX 6Q`2bi 6B`2b BM 1m`QT2 kyyNX h2+?X `2TiX 1l_ k98yk
1LX P{+2 7Q` P{+BH Sm#HB+iBQMb Q7 i?2 1m`QT2M *QKKmMBiB2b- Gmt2K#m`;X
1m`QT2M *QKKBbbBQMX kyRRX h?2 1l "BQ/Bp2`bBiv ai`i2;v iQ kykyX h2+?X `2TiX
Gmt2K#Qm`;X
1m`QT2M *QKKBbbBQMX kyRR#X Pm` HB72 BMbm`M+2- Qm` Mim`H +TBiH, M 1l #BQ@




1m`QT2M *QKKBbbBQMX kyRR+X _2;BQMH TQHB+v +QMi`B#miBM; iQ bmbiBM#H2 ;`Qri? BM
1m`QT2 kykyX h2+?X `2TiX *PJ UkyRRV RdX 1m`QT2M *QKKBbbBQMX
1m`QT2M *QKKBbbBQMX kyRR/X _m`H /2p2HQTK2Mi BM i?2 1m`QT2M lMBQMX aiiBb@
iB+H M/ 2+QMQKB+ BM7Q`KiBQM `2TQ`iX h2+?X `2TiX .: ;`B+mHim`2 M/ _m`H
.2p2HQTK2MiX
1m`QT2M *QKKBbbBQMX kyRjX :mB/2HBM2b QM qBH/2`M2bb BM Lim` kyyyX JM;2@
K2Mi Q7 rBH/2`M2bb M/ rBH/ `2b rBi?BM i?2 Lim` kyyy L2irQ`FX h2+?X `2TiX
h2+?MB+H _2TQ`i @ kyRj @ yeNX
1m`QT2M S`HBK2MiX kyyNX 1m`QT2M S`HBK2Mi `2bQHmiBQM Q7 j 62#`m`v kyyN QM
qBH/2`M2bb BM 1m`QT2 Ukyy3fkkRyUALAVVX h2+?X `2TiX SenhUkyyNVyyj9X
1r2`i- - Pp2`?QHi- C- - oQB;?i-  qM;- *X kyRRX lM/2`biM/BM; i?2 h`Mb7Q`@
KiBp2 bT2+ib Q7 i?2 qBH/2`M2bb M/ S`Qi2+i2/ GM/b 1tT2`B2M+2 mTQM >mKM
>2Hi?X h2+?X `2TiX la. 6Q`2bi a2`pB+2X
6PX kyRRX aii2 Q7 i?2 rQ`H/Ƕb 7Q`2bibX h2+?X `2TiX 6PX
6PahhX kyRyX .i `2i`B2p2/ QM R J`+? kyRRX ?iiT,ff7QbiiX7QXQ`;X h2+?X
`2TiX
6``2HH- 1 SX- 6Ƀ?`2`- 1- _vM- .- M/2`bbQM- 6- >ɃiiH- _-  SBmbbB- SX kyyyX 1m@
`QT2M 7Q`2bi 2+Qbvbi2Kb, #mBH/BM; i?2 7mim`2 QM i?2 H2;+v Q7 i?2 TbiX 6Q`2bi
1+QHQ;v M/ JM;2K2Mi- RjkURV- 8ĜkyX
62`MM/2b- SXJX kyRjX 6B`2@bK`i KM;2K2Mi Q7 7Q`2bi HM/b+T2b BM i?2 J2/Bi2`@
`M2M #bBM mM/2` ;HQ#H +?M;2X GM/b+T2 M/ l`#M SHMMBM;- RRyU62#XV-
Rd8ĜR3kX
62``x- a6"- 62``x- E JSJ"- *bbBMQ- * *X- "`M+HBQM- S > aX- / Gmx- . h-
x2p2/Q- h LX- hK#QbB- G _X-  J2ix;2`- CX kyR9X >Qr ;QQ/ `2 i`QTB+H 7Q`2bi
Ti+?2b 7Q` 2+Qbvbi2K b2`pB+2b T`QpBbBQMBM;\ GM/b+T2 1+QHQ;v- kNUkV- R3dĜkyyX
62v2M- G-  qiFBbb- SX kyRRX h2+?MB+H SQHB+v "`B2}M; LQi2 j, h?2 AKT+ib
M/ 1+QMQKB+ *Qbib Q7 _Bp2` 6HQQ/b BM 1m`QT2- M/ i?2 *Qbib M/ "2M2}ib Q7
/TiiBQMX h2+?X `2TiX aiQ+F?QHK 1MpB`QMK2Mi AMbiBimi2- ar2/2MX
6B;m2B`2/Q- CX-  S2`2B`- >X JX kyRRX _2;BK2 b?B7ib BM  bQ+BQ@2+QHQ;B+H KQ/2H Q7
7`KHM/ #M/QMK2MiX GM/b+T2 1+QHQ;v- ke- djdĜd9NX
6Bb+?2`- C- #bQM- . CX- "mibB+- o- *?TT2HH- JX C- 1F`QQb- C- >MbT+?- C- Em2K@
R8N
*?Ti2` d "B#HBQ;`T?v
K2`H2- h- aKBi?- > :X-  pQM q2?`/2M- >X kyR9X GM/ bT`BM; p2`bmb HM/ b?`BM;,
KQpBM; 7Q`r`/X *QMb2`piBQM G2ii2`b- dUjV- R9NĜR8dX
6Bb?2`- JX- *`p2`- aX- EmM- wX- J+JQ``M- _X- ``2HH- EX-  JBi+?2HH- :X kyRyX
_2pB2r Q7 aiimb M/ *QMb2`piBQM Q7 qBH/ GM/ BM 1m`QT2X h2+?X `2TiX S`QD2+i
+QKKBbbBQM2/ #v i?2 a+QiiBb? :Qp2`MK2MiX
6HvMM- . 6"- :Q;QH@S`QFm`i- J- LQ;2B`2- h- JQHBM`B- L- _B+?2`b- " h- GBM- " "X-
aBKTbQM- Lb- Jv}2H/- J JX-  .2*H2`+F- 6X kyyNX GQbb Q7 7mM+iBQMH /Bp2`bBiv
mM/2` HM/ mb2 BMi2MbB}+iBQM +`Qbb KmHiBTH2 itX 1+QHQ;v H2ii2`b- RkURV- kkĜjjX
6Q`bHmM/- X kyyNX a2+m`BM; qi2` 7Q` 1+Qbvbi2Kb M/ >mKM q2HH@#2BM;, h?2
AKTQ`iM+2 Q7 1MpB`QMK2MiH 6HQrbX h2+?X `2TiX k9X ar2/Bb? qi2` >Qmb2X
6Qm`HB- JX RNNNX *QKT2MbiBQM 7Q` /K;2 +mb2/ #v #2`b M/ rQHp2b BM i?2 1m`Q@
T2M lMBQMX GA61@Lim`2 T`QD2+ibX 1m`QT2M *QKKBbbBQM @ .: sA @ 1MpB`QMK2Mi-
Lm+H2` a72iv M/ *BpBH S`Qi2+iBQMX
6`Bix- aX- *`p2`- aX-  a22- GX kyyyX L2r :Aa TT`Q+?2b iQ rBH/ HM/ KTTBM; BM
1m`QT2X AM, qBH/2`M2bb b+B2M+2 BM  iBK2 Q7 +?M;2 +QM72`2M+2X
6v72- _X kyydX h?2 BKTQ`iM+2 Q7 HQ+H@b+H2 QT2MM2bb rBi?BM `2;BQMb /QKBMi2/ #v
+HQb2/ rQQ/HM/X CQm`MH Q7 Zmi2`M`v a+B2M+2- kkUeV- 8dR Ĝ 8d3X
:Mi2mK2- X- *KB- X- CTTBQi- JX- aM@JB;m2H@vMx- CX- GQM;@6Qm`M2H- JX-
 GKTBM- *X kyRjX  _2pB2r Q7 i?2 JBM .`BpBM; 6+iQ`b Q7 6Q`2bi 6B`2 A;MBiBQM
Pp2` 1m`QT2X 1MpB`QMK2MiH JM;2K2Mi- 8RUjV- e8RĜeekX
:MiQHB2`- aX- _vK2Mi- JX- "bbB- aX- E2iimM2M- J- J+*QMpBHH2- X- GM/;`2#2-
_X- :2`/2b- >X-  i2M "`BMF- SX kyRyX *Qbib M/ aQ+BQ@1+QMQKB+ "2M2}ib bbQ@
+Bi2/ rBi? i?2 Lim` kyyy L2irQ`FX 6BMH `2TQ`i iQ i?2 1m`QT2M *QKKBbbBQMX
h2+?X `2TiX : 1MpB`QMK2Mi QM *QMi`+i 1LoX"Xkfa1_fkyy3fyyj3X AMbiBimi2 7Q`
1m`QT2M 1MpB`QMK2MiH SQHB+v f :>E f 1+QHQ;B+- "`mbb2HbX
:biQM- E CX- C+FbQM- a 6X- *Miȹ@aHx`- G-  *`mx@SBƢƦM- :X kyy3X h?2
1+QHQ;B+H S2`7Q`KM+2 Q7 S`Qi2+i2/ `2bX MMmH _2pB2r Q7 1+QHQ;v- 1pQHmiBQM-
M/ avbi2KiB+b- jNURV- NjĜRRjX
:biQM- E CX- C+FbQM- a 6X- L;v- - *Miȹ@aHx`- G-  CQ?MbQM- JX kyy3#X
S`Qi2+i2/ `2b BM 1m`QT2X MMHb Q7 i?2 L2r uQ`F +/2Kv Q7 a+B2M+2b- RRj9URV-
NdĜRRNX
:2HH`B+?- JX- "m`- SX- EQ+?- "X-  wBKK2`KMM- LX1X kyydX ;`B+mHim`H HM/
#M/QMK2Mi M/ Mim`H 7Q`2bi `2@;`Qri? BM i?2 arBbb KQmMiBMb,  bTiBHHv
Rey
"B#HBQ;`T?v
2tTHB+Bi 2+QMQKB+ MHvbBbX ;`B+mHim`2- 2+Qbvbi2Kb  2MpB`QMK2Mi- RR3UR@9V- NjĜ
Ry3X
:2`H/2b- X.X RNNeX "`M/b 2 AMp2`M2B`bX S`iB+mH`B//2b /Q bBbi2K ;`Q@
TbiQ`BH +bi`2DQX AMbiBimiQ / +QMb2`pÏ½Q / Mim`2x 2 T`[m2 M+BQMH / T2M2/
;2`ābX 2/MX */2`MQb Cm`őx sm`ûbX
:B;MQmt- *X _X- >2MM- "X JX-  JQmMiBM- CX GX kyRRX _TB/- ;HQ#H /2KQ;`T?B+
2tTMbBQMb 7i2` i?2 Q`B;BMb Q7 ;`B+mHim`2X S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv
Q7 a+B2M+2b- Ry3UR8V- ey99Ĝey9NX
:BHHbQM- GX-  qBHHBb- EX CX kyy9X ǵb 1`i?Ƕb i2biBKQMB2b i2HHǶ, rBH/2`M2bb +QMb2`p@
iBQM BM  +?M;BM; rQ`H/X 1+QHQ;v G2ii2`b- dURyV- NNyĜNN3X
:BHHbQM- G- G/H2- _ C-  `ȹDQ- J "X kyRRX "b2HBM2b- Tii2`Mb M/ T`Q+2bbX AM,
*QMb2`piBQM "BQ;2Q;`T?v- G/H2 _XCX M/ q?BiiF2` _XCX 2/BiQ`b 2/MX
:Q#bi2`- S >X- Lbbm2`- C AX- .MB2H- h *X-  6`v- :X kyydX h?2 b?`2/ HM/b+T2,
r?i /Q2b 2bi?2iB+b ?p2 iQ /Q rBi? 2+QHQ;v\ GM/b+T2 1+QHQ;v- kkUdV- N8NĜNdkX
:QH/bi2BM- LX CX- *BH/BMB- _X "X-  :`BbF2pB+Bmb- oX kyy3X  `QQK rBi?  pB2rTQBMi,
lbBM; bQ+BH MQ`Kb iQ KQiBpi2 2MpB`QMK2MiH +QMb2`piBQM BM ?Qi2HbX CQm`MH Q7
*QMbmK2` _2b2`+?- j8UjV- 9dkĜ93kX
:Q`ix`- *X- >2``2`Q- CX- oBHH7m2`i2- _X-  J`+Q- CX kyyyX >BbiQ`B+H 2tKBMiBQM
Q7 i?2 biimb Q7 H`;2 KKKHb BM `;QM- aTBMX JKKHB- e9U9V- 9RRĜ9kkX
:ƺbbHBM;- aX kyyyX hQm`BbK Ĝ bmbiBM#H2 /2p2HQTK2Mi QTiBQM\ 1MpB`QMK2MiH
*QMb2`piBQM- kdUyjV- kkjĜkk9X
:QmH/BM;- JX CX-  _QT2`- hX CX kyykX S`2bb `2bTQMb2b iQ i?2 T`2b2M+2 Q7 7`22@HBpBM;
qBH/ "Q` Uamb b+`Q7V BM bQmi?2`M 1M;HM/X JKKH _2pB2r- jkU9V- kdkĜk3kX
:`Ï- GXGX RNNeX _2;/BQb i`/B+BQMBb Mb KQMiM?b /Q MQ`i2 /2 SQ`im;H Ua2``
/ S2M2/@mK +bQ 2t2KTH`VX 1H ;m  /2#i2 /2b/2 H mMBp2`bB//X
:`MQp2ii2`- JX RNd3X h?`2b?QH/ KQ/2Hb Q7 +QHH2+iBp2 #2?pBQ`X K2`B+M DQm`MH
Q7 bQ+BQHQ;v- R9kyĜR99jX
:`āi@_2;K2v- - _#2- a@1- *`2bTQ- _- Gmi2M#+?- a- _vz2H- -  a+?HmT- "X
kyR9X PM i?2 BKTQ`iM+2 Q7 MQM@HBM2` `2HiBQMb?BTb #2ir22M HM/b+T2 Tii2`Mb




:mBH?2`K2- CX GX-  S2`2B`- >X JX kyRjX /TiiBQM Q7 "B`/ *QKKmMBiB2b iQ
6`KHM/ #M/QMK2Mi BM  JQmMiBM GM/b+T2X SGQa PL1- 3UNV- 2djeRNX
>#2`H- >- 1`#- EX >- E`mbKMM- 6- :m#2- o- "QM/2m- - SHmix`- *- :BM@
;`B+?- a- Gm+?i- q-  6Bb+?2`@EQrHbFB- JX kyydX ZmMiB7vBM; M/ KTTBM; i?2
?mKM TT`QT`BiBQM Q7 M2i T`BK`v T`Q/m+iBQM BM 2`i?Ƕb i2``2bi`BH 2+Qbvbi2KbX
S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- Ry9UjRV- RkN9kĜRkN9dX
>BM2b@uQmM;- _-  SQib+?BM- JX kyRkX *A*1a o9Xj @ _2TQ`i T`2T`2/ 7QHHQr@
BM; +QMbmHiiBQM QM *A*1a o2`bBQM 9X h2+?X `2TiX 1 6`K2rQ`F *QMi`+i LQ
11fA1fyNfyyjX
>H/- G- 1pMb- .- _QK½Q- *-  S2i2`b2M- C@1X kyRRX q?B+? ?#Biib Q7 1m`QT2M
BKTQ`iM+2 /2T2M/ QM ;`B+mHim`H T`+iB+2b\ "BQ/Bp2`bBiv M/ *QMb2`piBQM-
kyURRV- kje8Ĝkjd3X
>``BbQM- S X- oM/2rHH2- J- avF2b- J hX- "2``v- S JX- "m;i2`- _- /2 "2HHQ- 6-
62H/- * EX- :`M/BM- l- >``BM;iQM- _-  >bH2ii- C _X kyRyX A/2MiB7vBM; M/ T`B@
Q`BiBbBM; b2`pB+2b BM 1m`QT2M i2``2bi`BH M/ 7`2b?ri2` 2+Qbvbi2KbX "BQ/Bp2`bBiv
M/ *QMb2`piBQM- RNURyV- kdNRĜk3kRX
>2BM- GX kyRRX 1+QMQKB+ "2M2}ib :2M2`i2/ #v S`Qi2+i2/ `2b, i?2 *b2 Q7 i?2
>Q;2 o2Hmr2 6Q`2bi- i?2 L2i?2`HM/bX 1+QHQ;v  aQ+B2iv- ReUkVX
>2BMixKM- SX kyRjX aTB`BimH Pmi+QK2b Q7 S`F 1tT2`B2M+2,  avMi?2bBb Q7 _2+2Mi
aQ+BH a+B2M+2 _2b2`+?X S;2b kdjĜkdN Q7, :2Q`;2 q`B;?i 6Q`mK- pQHX jyX
>2HK2`- q- ap2/`- .- avHpûM- J-  a+?2T2`b- 6X BM T`2bbX _2rBH/BM; 1m`QT2,
 M2r bi`i2;v 7Q` M QH/ +QMiBM2MiX AM, _2rBH/BM; 1m`QT2M HM/b+T2b- S2`2B`
>XJX M/ Lp``Q GXLX 2/MX aT`BM;2`X
>2MH2- EX- H`/- .X- *HBi?2`Qr- CX- *Q##- SX- 6B`#MF- GX- EmHH- hX- J+*`+F2M-
.X- JQ`Bix- _X 6X- LB2K2H - CX- _2#M2- JX- 2i HX X kyy3X A/2MiB7vBM; M/ KM@
;BM; i?2 +QM~B+ib #2ir22M ;`B+mHim`2 M/ #BQ/Bp2`bBiv +QMb2`piBQM BM 1m`QT2@
`2pB2rX ;`B+mHim`2- 1+Qbvbi2Kb  1MpB`QMK2Mi- Rk9UR@kV- eyĜdRX
>2MH2- E- E`Mx- - EH2MF2- _ X-  _BM;- AX kyRjX SQHB+v "`B27X S;2b RĜj Q7,
EH2MF2- _2BM?`/ X- _BM;- A`2M2- E`Mx- M/`2b- C2Tb2M- LB2Hb- _mb+?Kv2`-
62HBt-  >2MH2- EHmb U2/bV- >mKM @ qBH/HB72 *QM~B+ib BM 1m`QT2X 1MpB`QMK2MiH
a+B2M+2 M/ 1M;BM22`BM;X aT`BM;2` "2`HBM >2B/2H#2`;X
>BHH- L _X kyydX qBH/2`M2bb i?2`Tv b  i`2iK2Mi KQ/HBiv 7Q` i@`BbF vQmi?, 
Rek
"B#HBQ;`T?v
T`BK2` 7Q` K2MiH ?2Hi? +QmMb2HQ`bX CQm`MH Q7 J2MiH >2Hi? *QmMb2HBM;- kNU9V-
jj3Ĝj9NX
>Q##b- _ CX-  *`K2`- o X kyydX q?v PH/ 6B2H/b\ aQ+BQ2+QMQKB+ M/ 1+QHQ;B+H
+mb2b M/ +QMb2[m2M+2b Q7 HM/ #M/QMK2MiX AM, PH/ 6B2H/b, .vMKB+ M/
`2biQ`iBQM Q7 #M/QM2/ 7`KHM/- oBFB X *`K2` M/ _B+?`/ CX >Q##b 2/MX
qb?BM;iQM, AbHM/ S`2bbX
>Q##b- _ CX- >B;;b- 1-  >``Bb- C X kyyNX LQp2H 2+Qbvbi2Kb, BKTHB+iBQMb 7Q`
+QMb2`piBQM M/ `2biQ`iBQMX h`2M/b BM 2+QHQ;v  2pQHmiBQM- k9URRV- 8NNĜey8X
>Q+?FB`+?- - a+?KBii- hM/ "2MBM/2- C- >B2`v- J- EBMBix- h- EB`b+?2v- C- Ji2M`-
.- _Q?/2- E- aiQ272M- - q;M2`- L- wBMF- - Gƺii2`b- a- o2Bi?- J-  S`Q2Hbb-
X kyRjX 1m`QT2 L22/b  L2r oBbBQM 7Q`  Lim` kyky L2irQ`FX *QMb2`piBQM
G2ii2`b- eUeV- 9ekĜ9edX
>ƺ+?iH- 6X- G2?`BM;2`- aX-  EQMQH/- qX kyy8X ǴqBH/2`M2bbǴ, r?i Bi K2Mb r?2M
Bi #2+QK2b  `2HBiv @  +b2 bim/v 7`QK i?2 bQmi?r2bi2`M HTbX GM/b+T2 M/
l`#M SHMMBM;- dyUR@kV- 38ĜN8X
>Q//2`- EX >-  "mHHQ+F- CX JX kyyNX _2HHv qBH/\ Lim`HBbiB+ ;`xBM; BM KQ/2`M
HM/b+T2bX "`BiBb? qBH/HB72- kyU8V- jdĜ9jX
>Q//2`- EX >- "m+FHM/- SX *- EB`#v- EX C-  "mHHQ+F- CX JX kyyNX *M i?2 T`2@
L2QHBi?B+ T`QpB/2 bmBi#H2 KQ/2Hb 7Q` `2@rBH/BM; i?2 HM/b+T2 BM "`BiBM\ "`BiBb?
qBH/HB72- kyU8V- 9ĜR8X
>QzKMM- JX- "2HMi- CXGX- *?MbQM- CXaX- *Qt- LXX- GKQ`2mt- CX- _Q/`B;m2b-
XaXGX- a+?BTT2`- CX-  aim`i- aXLX kyRRX h?2 +?M;BM; 7i2b Q7 i?2 rQ`H/Ƕb
KKKHbX S?BHQbQT?B+H h`Mb+iBQMb Q7 i?2 _QvH aQ+B2iv ", "BQHQ;B+H a+B2M+2b-
jeeUR8d3V- k8N3ĜkeRyX
>ƺHx2H- L- >m#- *- AM;2H}M;2`- J SX- Pii2- -  SBHBT2MFQ- o LX kyykX h?2 `2im`M
Q7 i?2 bi2TT2 H`;2@b+H2 `2biQ`iBQM Q7 /2;`/2/ HM/ BM bQmi?2`M _mbbB /m`BM;
i?2 TQbi@aQpB2i 2`X CQm`MH 7Q` Lim`2 *QMb2`piBQM- RyUkV- d8Ĝ38X
>QM/- hX- JBv;r- uX- l2/- >X-  AMQm2- JX kyyNX 1z2+iBp2M2bb Q7 M2rHv@
/2bB;M2/ 2H2+i`B+ 72M+2b BM `2/m+BM; +`QT /K;2 #v K2/BmK M/ H`;2 KKKHbX
JKKH aim/v- j9- RjĜRdX
>m;`QM- aX- "mbbBĕ`2b- CX-  _Q+?27Q`i- GX kyRjX h`22 THMiiBQMb rBi?BM i?2 +QMi2ti Q7
2+QHQ;B+H `2biQ`iBQM Q7 T2iHM/b,  T`+iB+H ;mB/2X h2+?X `2TiX S2iHM/ 1+QHQ;v
_2b2`+? :`QmT- lMBp2`bBiû GpH- Zmû#2+X
Rej
*?Ti2` d "B#HBQ;`T?v
>m?iH- J- EDH- G-  oiM2M- 1X kyRyX GQ+H 2+QMQKB+ BKT+ib Q7 MiBQMH T`F
pBbBiQ`bǶ bT2M/BM; BM 6BMHM/, h?2 /2p2HQTK2Mi T`Q+2bb Q7 M 2biBKiBQM K2i?Q/X
h2+?X `2TiX qQ`FBM; ST2`b Q7 i?2 6BMMBb? 6Q`2bi _2b2`+? AMbiBimi2 R9NX
>mbiQM- JX RNdNX  ;2M2`H ?vTQi?2bBb Q7 bT2+B2b /Bp2`bBivX K2`B+M Lim`HBbi-
RRjURVX
AS*._X kyRyX S`QKQiBM; SvK2Mib 7Q` 1+Qbvbi2K a2`pB+2b BM i?2 .Mm#2 "bBMX
Al*LX RNeNX h2Mi? :2M2`H bb2K#Hv @ oQHmK2 AA, S`Q+22/BM;b M/ amKK`v Q7
"mbBM2bbX h2+?X `2TiX JQ`;2b- arBix2`HM/X
Al*LX kyRRX Al*L _2/ GBbi Q7 h?`2i2M2/ aT2+B2bX o2`bBQM kyRRXkX h2+?X `2TiX
IrrrXBm+M`2/HBbiXQ`;=X .QrMHQ/2/ QM 9 72#`m`v kyRkX
Al*LX kyRjX :mB/2HBM2b 7Q` `2BMi`Q/m+iBQMb M/ Qi?2` +QMb2`piBQM i`MbHQ+iBQMbX
o2`bBQM RXyX h2+?X `2TiX Al*L aT2+B2b am`pBpH *QKKBbbBQM- :HM/- arBix2`HM/X
Al*LX kyRj#X :mB/2HBM2b 7Q` `2BMi`Q/m+iBQMb M/ Qi?2` +QMb2`piBQM i`MbHQ+iBQMbX
o2`bBQM RXyX h2+?X `2TiX Al*L aT2+B2b am`pBpH *QKKBbbBQMX
Arb- uX- amxmFB@P?MQ- uX-  uQFQKBxQ- >X kyRyX S`/Qt Q7 Mmi`B2Mi `2KQpH BM
+QmTH2/ bQ+BQ2+QMQKB+ M/ 2+QHQ;B+H /vMKB+b 7Q` HF2 ri2` TQHHmiBQMX h?2Q`2i@
B+H 1+QHQ;v- jUkV- RRjĜRkkX
C+FbQM- a hX-  >Q##b- _ CX kyyNX 1+QHQ;B+H _2biQ`iBQM BM i?2 GB;?i Q7 1+QHQ;B+H
>BbiQ`vX a+B2M+2- jk8U8N9yV- 8edĜ8eNX
CQ#b2- C *X- qBii2p22M- G- aMi2;Q2ib- C-  aiQ##2H`- . CX BM T`2bbX S`2T`BM; 
M2r ;2M2`iBQM Q7 rBH/2`M2bb 2Mi`2T`2M2m`b, H2bbQMb 7`QK i?2 1`bKmb AMi2MbBp2
S`Q;`KK2 ǵ1m`QT2M qBH/2`M2bb 1Mi`2T`2M2m`b?BTǶ kyRjX AM, _2rBH/BM; 1m`Q@
T2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q GXLX 2/MX aT`BM;2`X
CQ?MbQM- *XLX kyyNX 1+QHQ;B+H +QMb2[m2M+2b Q7 Gi2 Zmi2`M`v 2tiBM+iBQMb Q7
K2;7mMX S`Q+22/BM;b Q7 i?2 _QvH aQ+B2iv ", "BQHQ;B+H a+B2M+2b- kdeUReedV-
k8yNĜk8RNX
CQM2b- *X :X- GriQM- CX >X-  a?+?F- JX RNN9X P`;MBbKb b 2+Qbvbi2K 2M;BM22`bX
PBFQb- eN- jdjĜj3eX
CQM2b- > SX-  a+?KBix- P CX kyyNX _TB/ _2+Qp2`v Q7 .K;2/ 1+Qbvbi2KbX SGQa
PL1- 9U8V- 28e8jX




CQM2b@qHi2`b- G-  ÌBpBÉ- EX kyRjX 1m`QT2M T`Qi2+i2/ `2b, Sbi- T`2b2Mi M/
7mim`2X CQm`MH 7Q` Lim`2 *QMb2`piBQM- kRUkV- RkkĜRk9X
CǠ`;2Mb2M- .X- LBHbbQM- *X- >Q7- X_X- >bb2H[mBbi- 1XJX- "F2`- aX- *?TBM- 6X aim@
`i- 1+F2`#2`;- EX- >D HiûM- CX- SQHpB- GX-  J2v2`bQM- GXX kyR9X SQHB+v GM;m;2
BM _2biQ`iBQM 1+QHQ;vX _2biQ`iBQM 1+QHQ;v- kk- RĜ9X
E+x2MbFv- SX- "HxB+- JX-  :QbbQr- >X kyy9X Sm#HB+ iiBim/2b iQr`/b #`QrM #2`b
Ul`bmb `+iQbV BM aHQp2MBX "BQHQ;B+H *QMb2`piBQM- RR3U8V- eeRĜed9X
EKH2`- C- >QKQHF- J- "`M+2FQp- J-  E`QD2`Qp@S`QF2bQp- CX kyRyX _2/m+@
iBQM Q7 ?2`#BpQ`2 /2MbBiv b  iQQH 7Q` `2/m+iBQM Q7 ?2`#BpQ`2 #`QrbBM; QM THi#H2
i`22 bT2+B2bX 1m`QT2M DQm`MH Q7 7Q`2bi `2b2`+?- RkNUkV- R88ĜRekX
ETHM- C PX kyRkX AMi2;`i2/ KQ/2HBM; Q7 >QHQ+2M2 HM/ +Qp2` +?M;2 BM 1m`QT2X
Zmi2`M`v AMi2`MiBQMH- kdN- kj8ĜkjeX
ETHM- CX P- E`mK?`/i- EX J-  wBKK2`KMM- LX kyyNX h?2 T`2?BbiQ`B+ M/
T`2BM/mbi`BH /27Q`2biiBQM Q7 1m`QT2X Zmi2`M`v a+B2M+2 _2pB2rb- k3Ukd@k3V-
jyReĜjyj9X
ETHM- CX PX- E`mK?`/i- EX JX- 1HHBb- 1X *X- _m//BKM- qX 6X- G2KK2M- *X- 
:QH/2rBDF- EX EX kyRRX >QHQ+2M2 +`#QM 2KBbbBQMb b  `2bmHi Q7 Mi?`QTQ;2MB+
HM/ +Qp2` +?M;2X h?2 >QHQ+2M2- kRU8V- dd8ĜdNRX
E22MH2vbB/2- *-  hm+F2`- :X kyRyX 6`KHM/ #M/QMK2Mi BM i?2 1l, M bb2bb@
K2Mi Q7 h`2M/b M/ S`QbT2+ibX h2+?X `2TiX qq6 L2i?2`HM/b M/ A11SX
E2HHv- _XGX RNNkX JQ#BHBivfb2/2MiBbK, +QM+2Tib- `+?2QHQ;B+H K2bm`2b- M/ 27@
72+ibX MMmH _2pB2r Q7 Mi?`QTQHQ;v- kR- 9jĜeeX
E2KT- S a- qQ`i?BM;iQM- h -  GM;7Q`/- h 1 GX kyRyX  +`BiB+H `2pB2r Q7
i?2 2z2+ib Q7 #2p2`b mTQM }b? M/ }b? biQ+FbX h2+?X `2TiX j9NX a+QiiBb? Lim`H
>2`Bi;2X
E2iimM2M- J- oB?2`p`- S- EBMMmM2M- a- .ǶKiQ- .- "/m`- h- `;BKQM- J- 
i2M "`BMF- SX kyRkX aQ+BQ@2+QMQKB+ BKTQ`iM+2 Q7 2+Qbvbi2K b2`pB+2b BM i?2 LQ`/B+
*QmMi`B2bX h2+?X `2TiX h?2 1+QMQKB+b Q7 1+Qbvbi2Kb M/ "BQ/Bp2`bBiv Uh11"VX
EBMxB;- XSX- _vM- SX- 1iB2MM2- JX- HHBbQM- >X- 1HK[pBbi- hX-  qHF2`- "X>X kyyeX




EH2BM :QH/2rBDF- EX- "2mb2M- X- oM .`2+?i- :X-  .2 oQb- JX kyRRX h?2 >u.1
jXR bTiBHHv 2tTHB+Bi /i#b2 Q7 ?mKM@BM/m+2/ ;HQ#H HM/@mb2 +?M;2 Qp2` i?2
Tbi Rk-yyy v2`bX :HQ#H 1+QHQ;v M/ "BQ;2Q;`T?v- kyURV- djĜ3eX
Eƺ`M2`- *X- aT2?M- 1X-  "`QM- CX kyy8X JQmMiBM avbi2KbX AM, AMbiBimi2-
qQ`H/ _2b2`+? U2/V- JBHH2MMBmK 1+Qbvbi2K bb2bbK2Mi, 1+Qbvbi2Kb M/ ?mKM
r2HH@#2BM;, bvMi?2bBbX AbHM/ S`2bbX
E`mbKMM- 6- 1`#- E@>- :BM;`B+?- a- >#2`H- >- "QM/2m- - :m#2- o- GmF- *-
SHmix`- *-  a2`+?BM;2`- h .X kyRjX :HQ#H ?mKM TT`QT`BiBQM Q7 M2i T`BK`v
T`Q/m+iBQM /Qm#H2/ BM i?2 kyi? +2Mim`vX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7
a+B2M+2b- RRyUk8V- Ryjk9ĜRyjkNX
E`2K2M- *X- qBHHBKb- LX JX-  h?Q`T- _X qX kyykX *`QT TQHHBMiBQM 7`QK MiBp2
#22b i `BbF 7`QK ;`B+mHim`H BMi2MbB}+iBQMX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv
Q7 a+B2M+2b- NNUkeV- Re3RkĜRe3ReX
Em2KK2`H2- hX- >Qbi2`i- SX- _/2HQz- oX *X- GBM/2M- aX- S2`xMQrbFB- EX-  E`m?HQp-
AX kyy3X *`Qbb@#Q`/2` *QKT`BbQM Q7 SQbi@bQ+BHBbi 6`KHM/ #M/QMK2Mi BM i?2
*`Ti?BMbX 1+Qbvbi2Kb- RRU9V- eR9Ĝek3X
Em2KK2`H2- hX- >B+FH2`- hX- PHQ7bbQM- CX- a+?m`;2`b- :X-  _/2HQz- oX *X kyRkX
_27m;22 bT2+B2b, r?B+? ?BbiQ`B+ #b2HBM2 b?QmH/ BM7Q`K +QMb2`piBQM THMMBM;\
.Bp2`bBiv M/ .Bbi`B#miBQMb- R3URkV- Rk83ĜRkeRX
EmBi2`b- X hX-  aHBK- SX X kyyjX h`22 +QHQMBbiBQM Q7 #M/QM2/ `#H2 HM/
7i2` kd v2`b Q7 ?Q`b2@;`xBM;, i?2 `QH2 Q7 #`K#H2 b  7+BHBiiQ` Q7 QF rQQ/
`2;2M2`iBQMX 6Q`2bi 1+QHQ;v M/ JM;2K2Mi- R3RUR@kV- kjNĜk8RX
EmHH- hX- S2M+?2p- oX- S2i`QpB+- 6X- 1HBb- SX- >2MH2- EX- "H+BmbFb- GX- EQT+x-
JX- wDB+FQp- wX-  aiQBMQpB+B- oX kyy9X jX ;`B+mHim`H HM/b+T2bX AM, *QM@
~B+ib #2ir22M ?mKM +iBpBiB2b M/ i?2 +QMb2`piBQM Q7 #BQ/Bp2`bBiv BM ;`B+mHim`H
HM/b+T2b- ;`bbHM/b- 7Q`2bib- r2iHM/b M/ mTHM/b BM i?2 ++2/BM; M/ +M/B/i2
+QmMi`B2b- uQmM; 2i HX- 2/MX
EmM- w-  pM /2` .QMF- JX kyyeX S`QpB/BM; rBH/2`M2bb 2tT2`B2M+2 QTTQ`imMBiB2b
BM 1m`QT2Ƕb +2`iB}2/ SL T`FbX S`Fb- ReUkV- j9Ĝ9yX
Em`M- hX RN3NX aT`Fb M/ T`B`B2 }`2b,  i?2Q`v Q7 mMMiB+BTi2/ TQHBiB+H `2pQ@
HmiBQMX Sm#HB+ *?QB+2- eRURV- 9RĜd9X
GBQHQ- SX- .QM/2`Q- 6X- *BHB2MiQ- 1X-  _QHM/Q- X kyy9X *QMb2[m2M+2b Q7 TbiQ`H
Ree
"B#HBQ;`T?v
#M/QMK2Mi 7Q` i?2 bi`m+im`2 M/ /Bp2`bBiv Q7 i?2 HTBM2 pB7mMX CQm`MH Q7
TTHB2/ 1+QHQ;v- 9RUkV- kN9Ĝjy9X
G*A1X kyy9X aiimb M/ h`2M/b 7Q` G`;2 *`MBpQ`2b BM 1m`QT2X h2+?X `2TiX lL1S@
q*J* S`QD2+iX
G2/H2v- SX- S2`2B`- >XJX- HF2K/2- _X- 62`MM/2x@JMD``ûb- CX6X- S`Q2MÏ- oX-
a+?`H2KMM- CXSXqX-  qHTQH2- JXCX kyRyX "BQ/Bp2`bBiv b+2M`BQb, T`QD2+iBQMb
Q7 kRbi +2Mim`v +?M;2 BM #BQ/Bp2`bBiv M/ bbQ+Bi2/ 2+Qbvbi2K b2`pB+2bX h2+?X
`2TiX h2+?MB+H a2`B2b 8yX a2+`2i`Bi Q7 i?2 *QMp2MiBQM QM "BQHQ;B+H .Bp2`bBiv-
JQMi`2H- *M/X
G2p2`BM;iQM- 6- *Qbi- E G- Sp2b2- >- GBbH2- -  >Q+FBM;b- JX kyRyX  :HQ#H
MHvbBb Q7 S`Qi2+i2/ `2 JM;2K2Mi 1z2+iBp2M2bbX 1MpB`QMK2MiH JM;2@
K2Mi- 9eU8V- e38ĜeN3X
GBM/#Q`;- _X-  1`BFbbQM- PX kyy9X 1z2+ib Q7 _2biQ`iBQM QM SHMi aT2+B2b _B+?M2bb
M/ *QKTQbBiBQM BM a+M/BMpBM a2KB@Lim`H :`bbHM/bX _2biQ`iBQM 1+QHQ;v-
RkUjV- jR3ĜjkeX
GBM/#Q`;- _X- "2M;ibbQM- CX- "2`;- - *QmbBMb- aXXPX- 1`BFbbQM- PX- :mbi7bbQM-
hX- >bmM/- EXSX- G2MQB`- GX- SB?H;`2M- X- aDƺ/BM- 1X-  ai2Mb2F2- JX kyy3X 
HM/b+T2 T2`bT2+iBp2 QM +QMb2`piBQM Q7 b2KB@Mim`H ;`bbHM/bX ;`B+mHim`2-
1+Qbvbi2Kb  1MpB`QMK2Mi- Rk8URV- kRjĜkkkX
GBMM2HH- CX .X*- ar2MbQM- CX 1-  M/2`b2M- _X kyyyX *QMb2`piBQM Q7 #BQ/Bp2`bBiv
BM a+M/BMpBM #Q`2H 7Q`2bib, H`;2 +`MBpQ`2b b ~;b?BTb- mK#`2HHb- BM/B+iQ`b-
Q` F2vbiQM2b\ "BQ/Bp2`bBiv M/ *QMb2`piBQM- NUdV- 38dĜ3e3X
GBTb2v- JXEX-  *?BH/- JX6X kyydX *QK#BMBM; i?2 6B2H/b Q7 _2BMi`Q/m+iBQM "BQHQ;v
M/ _2biQ`iBQM 1+QHQ;vX *QMb2`piBQM "BQHQ;v- kRUeV- Rj3dĜRjNyX
GBm- CX- .B2ix- hX- *`T2Mi2`- aX _X- H#2`iB- JX- 6QHF2- *X- JQ`M- 1X- S2HH- X LX-
.2/KM- SX- E`ix- hX- Gm#+?2M+Q- CX- Pbi`QK- 1X- PmvM;- wX- S`Qp2M+?2`- qX-
_2/KM- *X GX- a+?M2B/2`- aX >X-  hvHQ`- qX qX kyydX *QKTH2tBiv Q7 *QmTH2/
>mKM M/ Lim`H avbi2KbX a+B2M+2- jRdUa2TiXV- R8RjĜR8ReX
JX kyy8X JBHH2MMBmK 1+Qbvbi2K bb2bbK2Mi, 1+Qbvbi2Kb M/ ?mKM r2HH@#2BM;,
bvMi?2bBbX qb?BM;iQM- .X*X, AbHM/ S`2bbX
JM2M- 1 o- S`2/QBm- :- EHp2`- _- aQmHû- J- SQT- J- AQM2b+Q- P- Cm`D- _- L2;mb-
a- AQM2b+m- :-  Hi2M#m`;- qX kyyeX a72;m`/BM; i?2 _QKMBM *`Ti?BM 1+Q@
Red
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HQ;B+H L2irQ`FX  pBbBQM 7Q` H`;2 +`MBpQ`2b M/ #BQ/Bp2`bBiv BM 1bi2`M 1m`QT2X
h2+?X `2TiX A+b qBH/HB72 lMBi- "`bQp- _QKMBX
J+.QMH/- .X- *`#i`22- CX _X- qB2bBM;2`- :X- .t- hX- aiKQm- LX- 6H2m`v- SX-
:miB2``2x GxTBi- CX-  :B#QM- X kyyyX ;`B+mHim`H #M/QMK2Mi BM KQmMiBM
`2b Q7 1m`QT2, 1MpB`QMK2MiH +QMb2[m2M+2b M/ TQHB+v `2bTQMb2X CQm`MH Q7
1MpB`QMK2MiH JM;2K2Mi- 8NURV- 9dĜeNX
J+F2v- _X GX-  *m``B2- .X CX kyyRX h?2 .Bp2`bBivĜ.Bbim`#M+2 _2HiBQMb?BT, Ab Bi
;2M2`HHv bi`QM; M/ T2F2/\ 1+QHQ;v- 3kURkV- j9dNĜj9NkX
J2b- >m+F- C- S`++?BMB- J G- _iK FB- P- h2`KMb2M- J- S2`2x@aQ#- J-
EQTT2`QBM2M- G- _MFBM2M- E- a+? M;2`- C S- >2M`vb- S- *BbQrbF- AX- w- J- Ct-
E- G LQii2- - G2BFQH- L- SQmi- 1- aK`i- a- >bH2`- "- GMFB- h- M/2`b2M-
> 1- GpHH2- *- o2`Kb- h- H2Km- J >- a+?QH2}2H/- S- "iBbi- 6- Svr2HH-
_- >mi+?BMb- J- "H2KK2`- J- 6QMM2b#2+?@qmHz- - oM#2`;2M-  C- JɃMB2`- "-
"`Mx2HHB- *- _Qv- .X- h?B2m- o- wmHBM- :- Emmbb`B- J- h?Q/b2M- >- HM2M-
1 G- 1;Q?- "- aQ`2Mb2M- S "- "`i- G-  "B/Q;HBQ- :X kyRkX  bTiBH bb2bbK2Mi
Q7 2+Qbvbi2K b2`pB+2b BM 1m`QT2, J2i?Q/b- +b2 bim/B2b M/ TQHB+v MHvbBb@T?b2
k avMi?2bBb `2TQ`iX S11_ _2TQ`i 9X
J2b- C- S`++?BMB- J G-  wmHBM- :X kyRRX  1m`QT2M bb2bbK2Mi Q7 i?2 S`QpB@
bBQM Q7 1+Qbvbi2K a2`pB+2b, hQr`/b M iHb Q7 1+Qbvbi2K a2`pB+2bX h2+?X `2TiX
1m`QT2M lMBQM- Gmt2K#Qm`;X
J2b- CX- S`++?BMB- JX GX- wmHBM- :X- .mM#`- JX "X-  HF2K/2- _X kyRk#X avM@
2`;B2b M/ i`/2@Qzb #2ir22M 2+Qbvbi2K b2`pB+2 bmTTHv- #BQ/Bp2`bBiv- M/ ?#Bii
+QMb2`piBQM biimb BM 1m`QT2X "BQHQ;B+H +QMb2`piBQM- R88- RĜRkX
J2b- C- h2HH2`- - 1`?`/- J- GB[m2i2- *- "`i- G- "2``v- S- 1;Q?- "- Smv/`@
`B2mt- S- 6BQ`BM- *- aMiQb- 6- S`++?BMB- JG- E2mM2- >- qBiiK2`- >- >m+F-
C- 6BH- A- o2`#m`;- S>- *QM/û- a- a+?;M2`- CS- aM JB;m2H- C- 1bi`2;mBH- *-
Pbi2`KMM- P- "``2/Q- CA- S2`2B`- >J- aiQii- - GTQ`i2- o- J2BM2`- - PH?-
"- _QvQ :2H#2`i- 1- aTv`QTQmHQm- _- S2i2`b2M- C1- J;mB`2- *- wH- L- +?BHH2Qb-
1- _m#BM- - G2/Qmt- G- "`QrM- *- _2b- *- C+Q#b- a- oM/2rHH2- J- *QMMQ`-
.-  "B/Q;HBQ- :X kyRjX JTTBM; M/ bb2bbK2Mi Q7 1+Qbvbi2Kb M/ i?2B` a2`@
pB+2bX M MHviB+H 7`K2rQ`F 7Q` 2+Qbvbi2K bb2bbK2Mib mM/2` +iBQM 8 Q7 i?2
1l #BQ/Bp2`bBiv bi`i2;v iQ kykyX h2+?X `2TiX 1m`QT2M *QKBbbBQMb- Gmt2K#Qm`;X
J2b- q >X- >2mp2HKMb- :-  Jmvb- "X kyyNX bb2bbK2Mi Q7 HM/ mb2 BKT+i
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QM ri2`@`2Hi2/ 2+Qbvbi2K b2`pB+2b +Tim`BM; i?2 BMi2;`i2/ i2``2bi`BH@ [miB+
bvbi2KX 1MpB`QMK2MiH b+B2M+2  i2+?MQHQ;v- 9jURNV- djk9ĜdjjyX
Ji?2`- X aX- L22/H2- *X GX-  6B`#B`M- CX RNN3X h?2 ?mKM /`Bp2`b Q7 ;HQ#H HM/
+Qp2` +?M;2, i?2 +b2 Q7 7Q`2bibX >v/`QHQ;B+H T`Q+2bb2b- RkURj@R9V- RN3jĜRNN9X
J+:`Q`v EHvx- *X kyyRX M 2bi2`M im`M 7Q` rBH/2`M2bbX *?TX R- T;2b jĜke
Q7, J+:`Q`v EHvx- *?`BbiQT?2` U2/V- qBH/2`M2bb +QK2b >QK2X _2rBH/BM; i?2
LQ`i?2biX JB//H2#m`v *QHH2;2 S`2bbX
J+JQ``M- _- S`B+2- J 6-  J+ oBiiB2- X kyyeX  `2pB2r Q7 i?2 #2M2}ib M/
QTTQ`imMBiB2b ii`B#mi2/ iQ a+QiHM/b HM/b+T2b Q7 rBH/ +?`+i2`X h2+?X `2TiX
RN9X a+QiiBb? Lim`H >2`Bi;2X
J+L22Hv- CX X RNN9X G2bbQMb 7`QK i?2 Tbi, 7Q`2bib M/ #BQ/Bp2`bBivX "BQ/Bp2`bBiv
M/ +QMb2`piBQM- jURV- jĜkyX
J2BD`/- 1-  a?2BH- .X kyRRX  JQ/2bi S`QTQbH 7Q` q2Hi?v *QmMi`B2b iQ _27Q`2bi
h?2B` GM/ 7Q` i?2 *QKKQM :QQ/,  JQ/2bi S`QTQbHX "BQi`QTB+- 9jU8V- 8k9Ĝ
8k3X
J2HH`b- SX kyyeX  M2r `/BQ+`#QM `2pQHmiBQM M/ i?2 /BbT2`bH Q7 KQ/2`M ?mKMb
BM 1m`bBX Lim`2- 9jNUdydNV- NjRĜNj8X
J2`+Ft- hX BM T`2bbX _2rBH/BM;, SBi7HHb M/ PTTQ`imMBiB2b 7Q` JQi?b M/ "mii2`~B2bX
AM, _2rBH/BM; 1m`QT2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q GXJX 2/MX aT`BM;2`X
J2`+Ft- hX-  J+/QMH/- .X qX BM T`2bbX GM/b+T2@b+H2 *QMb2`piBQM Q7 6`K@
HM/ JQi?bX AM, qBH/HB72 *QMb2`piBQM QM 6`KHM/X- .X qX J+/QMH/ M/ _X
1X 62#2` 2/MX Pt7Q`/ lMBp2`bBiv S`2bbX
J2`+Ft- hX-  S2`2B`- >XJX BM `2pB2rX _2b?TBM; ;`B@2MpB`QMK2MiH bm#bB/B2b,
7`QK K`;BMH 7`KBM; iQ H`;2@b+H2 `2rBH/BM;X
JBHM2- 1- bTBMHH- _ CX-  o2H/FKT- h X kyyNX AMi2;`i2/ KQ/2HHBM; Q7 Mim`H
M/ bQ+BH bvbi2Kb BM HM/ +?M;2 b+B2M+2X GM/b+T2 1+QHQ;v- k9- RR98ĜRR9dX
JBi+?2HH- 6`b2` CX :X kyy8X >Qr QT2M r2`2 1m`QT2M T`BK2pH 7Q`2bib\ >vTQi?2bBb
i2biBM; mbBM; TH2Q2+QHQ;B+H /iX CQm`MH Q7 1+QHQ;v- NjURV- Re3ĜRddX
JBi+?2HH@CQM2b- X CX- KQ`B- :X- "Q;/MQrB+x- qX- E`vbim72F- "X- _2BDM/2`b- SX
CX >X- aTBix2M#2`;2`- 6X- aim##2- JX- h?Bbb2M- CX "X JX- oQ?`HBF- oX-  wBK- CX
RNNNX h?2 iHb Q7 1m`QT2M KKKHbX
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JBii2`K2B2`- _X X- JBii2`K2B2`- *`BbiBM :X- "`QQFb- h?QKb JX- SBH;`BK- CQ?M .X-
EQMbiMi- qBHHBK _X- . 6QMb2+- :X X "X-  EQ`KQb- *v`BHX kyyjX qBH/2`M2bb
M/ #BQ/Bp2`bBiv +QMb2`piBQMX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b-
RyyUR3V- RyjyNĜRyjRjX
JQHBM`B- *X- G2?bi2M- oX- "`/b?r- _X >X qX- SQr2`- JX CX- >`KM/- SX- `M2i?-
X- ETHM- CX PX- oMMBĕ`2- "X-  avF2b- JX hX kyRjX 1tTHQ`BM; TQi2MiBH /`Bp2`b
Q7 1m`QT2M #BQKbb #m`MBM; Qp2` i?2 >QHQ+2M2,  /i@KQ/2H MHvbBbX :HQ#H
1+QHQ;v M/ "BQ;2Q;`T?v- MfĜMfX
JQ`2B`- 6-  _mbbQ- .X kyydX JQ/2HHBM; i?2 BKT+i Q7 ;`B+mHim`H #M/QMK2Mi
M/ rBH/}`2b QM p2`i2#`i2 /Bp2`bBiv BM J2/Bi2``M2M 1m`QT2X GM/b+T2 1+QHQ;v-
kk- R9eRĜR9deX
JQ``BbQM- CX *X- a2+?`2bi- qX- .BM2`bi2BM- 1X- qBH+Qp2- .X aX-  GKQ`2mt- CX 6X
kyydX S2`bBbi2M+2 Q7 G`;2 JKKH 6mMb b AM/B+iQ`b Q7 :HQ#H >mKM AK@
T+ibX CQm`MH Q7 JKKHQ;v- 33UeV- RjejĜRj3yX
JQmBHHQi- 6HQ`2Mi- _ii2- C2M@SB2``2- CQz`2- _B+?`/- JQmBHHQi- .pB/- _K#H- 
a2`;2X kyy8X GQM;@i2`K 7Q`2bi /vMKB+ 7i2` HM/ #M/QMK2Mi BM  }`2 T`QM2
J2/Bi2``M2M HM/b+T2 U+2Mi`H *Q`bB+- 6`M+2VX GM/b+T2 1+QHQ;v- kyURV-
RyRĜRRkX
Jv2`b- L- JBii2`K2B2`- _ X- JBii2`K2B2`- * :X- / 6QMb2+- : X "X-  E2Mi-
CX kyyyX "BQ/Bp2`bBiv ?QibTQib 7Q` +QMb2`piBQM T`BQ`BiB2bX Lim`2- 9yjUeddkV-
38jĜ383X
L#mm`b- :X C- a+?2H?b- JX C- JQ?`2M- :X JXC-  6B2H/- *X "X kyyjX h2KTQ`H
2pQHmiBQM Q7 i?2 1m`QT2M 7Q`2bi b2+iQ` +`#QM bBMF 7`QK RN8y iQ RNNNX :HQ#H
*?M;2 "BQHQ;v- NUkV- R8kĜReyX
LB/QQ- _-  _B+F2iib- h >X kyyeX JTTBM; i?2 2+QMQKB+ +Qbib M/ #2M2}ib Q7
+QMb2`piBQMX SGQa #BQHQ;v- 9URRV- 2jeyX
Lb?- _X RNedX qBH/2`M2bb M/ i?2 K2`B+M JBM/X L2r >p2M, uH2 lSX
L1_*X kyRkX oHmBM; 1+Qbvbi2K a2`pB+2b, *b2 aim/B2b 7`QK GQrHM/ 1M;HM/X
MM2t 9@ EM2TT *biH2 1bii2 _2@rBH/BM;,ambb2tX h2+?X `2TiX Lim`H 1M;HM/X
LBHbbQM- J a-  62`MbB/2- S JX kyRRX uMQKKB JQ#BHBiv M/ Aib 1z2+ib QM i?2
6Q`2bi GM/b+T2X >mKM 1+QHQ;v- jN- kj8Ĝk8eX
LBb?B/- JX kyyRX h?2 aB;MB}+M+2 Q7 a2/2Mi`BxiBQM BM i?2 >mKM >BbiQ`vX 7`B+M
bim/v KQMQ;`T?bX amTTH2K2Mi`v Bbbm2X- ke- NĜR9X
Rdy
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LQrB+FB- S- q22;2`- *- oM J2BDH- >X- "Mb2- J- >2HKBM;- C- h2`HmBM- A- o2`?QQ;- .-
Pp2`K`b- E SX-  q2bi?Q2F- >X kyyeX a*1L_ kyky, a+2M`BQ bim/v QM ;`B@
+mHim`2 M/ i?2 `m`H rQ`H/X h2+?X `2TiX 1m`QT2M *QKKBbbBQM @ .: ;`B+mHim`2
M/ _m`H .2p2HQTK2MiX
Pbi2`KMM- PX SX RNN3X h?2 M22/ 7Q` KM;2K2Mi Q7 Mim`2 +QMb2`piBQM bBi2b
/2bB;Mi2/ mM/2` Lim` kyyyX CQm`MH Q7 TTHB2/ 1+QHQ;v- j8UeV- Ne3ĜNdjX
STrQ`i?- aXEX- _Bbi- CX- *Q/- GX-  JBHM2`@:mHHM/- 1XCX kyyNX 1pB/2M+2 7Q`
b?B7iBM; #b2HBM2 bvM/`QK2 BM +QMb2`piBQMX *QMb2`piBQM G2ii2`b- kUkV- NjĜRyyX
S`++?BMB- JX GX- S2i2`b2M- CX@1X- >QQ;2p22M- uX- "KTb- *X- "m`}2H/- AX-  pM
arv- *X kyy3X >B;? Mim`2 pHm2 7`KHM/ BM 1m`QT2X h2+?X `2TiX 1m`QT2M
*QKKBbbBQMfCQBMi _2b2`+? *2Mi2`fAMbiBimi2 7Q` 1MpB`QMK2Mi M/ ambiBM#BHBivX
Smbb- CX :X-  "`/biQ+F- _X X kyydX 6B`2 T2`bBbi2M+2 i`Bib Q7 THMib HQM; 
T`Q/m+iBpBiv M/ /Bbim`#M+2 ;`/B2Mi BM K2/Bi2``M2M b?`m#HM/b Q7 bQmi?@2bi
mbi`HBX :HQ#H 1+QHQ;v M/ "BQ;2Q;`T?v- ReUjV- jjyĜj9yX
Smbb- CX :X-  62`MM/2x@JmƢQx- aX kyRkX 6B`2 `2;BK2 +?M;2b BM i?2 q2bi2`M
J2/Bi2``M2M "bBM, 7`QK 7m2H@HBKBi2/ iQ /`Qm;?i@/`Bp2M }`2 `2;BK2X *HBKiB+
*?M;2- RRyUR@kV- kR8ĜkkeX
Smbb- CX :X-  _B#2B`Q- 1X kyRjX h?2 ;HQ#H }`2ĜT`Q/m+iBpBiv `2HiBQMb?BTX :HQ#H
1+QHQ;v M/ "BQ;2Q;`T?v- kkUeV- dk3ĜdjeX
Smbb- CX :X- E22H2v- CX 1X-  o2`/ȹ- JX kyyeX AM72``BM; /Bz2`2MiBH 2pQHmiBQM`v
T`Q+2bb2b Q7 THMi T2`bBbi2M+2 i`Bib BM LQ`i?2`M >2KBbT?2`2 J2/Bi2``M2M }`2@
T`QM2 2+Qbvbi2KbX CQm`MH Q7 1+QHQ;v- N9URV- jRĜjNX
Smbb- CX :- GHQp2i- CX- _Q/`B;Q- X-  oHH2DQ- _X kyy3X `2 rBH/}`2b  /Bbbi2`
BM i?2 J2/Bi2``M2M #bBM\Ĝ `2pB2rX AMi2`MiBQMH CQm`MH Q7 qBH/HM/ 6B`2-
RdUeV- dRjĜdkjX
S"GX kyRkX _Q/b 7`QK _BQYkyX Si?rvb iQ +?B2p2 ;HQ#H bmbiBM#BHBiv ;QHb
#v ky8yX h2+?X `2TiX S"G L2i?2`HM/b 1MpB`QMK2MiH bb2bbK2Mi ;2M+v- h?2
>;m2- L2i?2`HM/bX
S2+Q- "X- *`KQM- *X SX- /2 S#HQb- AX-  x+`i2- 6X JX kyRkX 1z2+ib Q7 ;`xBM;
#M/QMK2Mi QM 7mM+iBQMH M/ itQMQKB+ /Bp2`bBiv Q7 J2/Bi2``M2M ;`bbHM/bX
;`B+mHim`2- 1+Qbvbi2Kb  1MpB`QMK2Mi- R8k- kdĜjkX
S2Ƕ2`- :X- .B+Fb- GX oX- oBb+QMiB- SX- `H2iix- _X- "H/B- X- "2MiQM- hX :X- *QHHBMb-
aX- .B2i2`B+?- JX- :`2;Q`v- _X .X- >`iB;- 6X- >2MH2- E- >Q#bQM- S _- EH2BDM- .X-
RdR
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L2mKMM- _ E- _Q#BDMb- hX- a+?KB/i- CX- a+?r`ix- X- ami?2`HM/- qX C- hm`#û-
X- qmH7- 6X-  a+Qii-  oX kyR9X 1l ;`B+mHim`H `27Q`K 7BHb QM #BQ/Bp2`bBivX
a+B2M+2- j99UeR33V- RyNyĜRyNkX
S2`2B`- 1X- Zm2B`Qx- *X- S2`2B`- >X J-  oB+2Mi2- GX kyy8X 1+Qbvbi2K b2`pB+2b M/
?mKM r2HH@#2BM;,  T`iB+BTiQ`v bim/v BM  KQmMiBM +QKKmMBiv BM SQ`im;HX
1+QHQ;v M/ aQ+B2iv- RyUkV- R9X
S2`2B`- >X J- G2/H2v- SX q- S`Q2MÏ- oX- HF2K/2- _X- a+?`H2KMM- CX SXq-
62`MM/2x@JMD``ûb- CX 6- `ȹDQ- JX "- "HpM2`- SX- "B;;b- _X- *?2mM;-
qX qXG- *?BMB- GX- *QQT2`- >X .X- :BHKM- 1X GX- :mûM2ii2- aX- >m`ii- :X *X-
>mMiBM;iQM- >XSX- J+2- :XJX- P#2`/Q`z- hX- _2p2M;- *X- _Q/`B;m2b- SX- a+@
?QH2b- _XCX- amKBH- lX _X-  qHTQH2- JX kyRyX a+2M`BQb 7Q` ;HQ#H #BQ/Bp2`bBiv
BM i?2 kRbi +2Mim`vX a+B2M+2- jjyUeyRyV- R9NeĜR8yRX
S2`2B`- >X JX- Lp``Q- GX JX- *2mbm- aX- :QMÏHp2b- "X- J`[m2b- X- HF2K/2-
_X-  i2M "`BMF- "X bm#KX h`;2i R8 @ 1+Qbvbi2K _2bBHB2M+2X AM, h2+?MB+H _2TQ`i
Q7 i?2 :HQ#H "BQ/Bp2`bBiv PmiHQQF 9X a2+`2i`Bi Q7 i?2 *QMp2MiBQM QM "BQHQ;B+H
.Bp2`bBivX
S2`2B`- >XJX- Lp``Q- GX JX-  J`iBMb- AX aX kyRkX :HQ#H #BQ/Bp2`bBiv +?M;2, i?2
#/- i?2 ;QQ/- M/ i?2 mMFMQrMX MMmH _2pB2r Q7 1MpB`QMK2Mi M/ _2bQm`+2b-
jdURV- k8Ĝ8yX
S2`x- _XhX-  ai2T?2M- :X kyykX >Qmb2?QH/ HB72 +v+H2b M/ b2+QM/`v 7Q`2bi +Qp2`
KQM; bKHH 7`K +QHQMBbib BM i?2 KxQMXqQ`H/ .2p2HQTK2Mi- jyUeV- RyyNĜRykdX
S2i2`bQM- :X kyyyX SQHBiB+H 2+QHQ;v M/ 2+QHQ;B+H `2bBHB2M+2, M BMi2;`iBQM Q7
?mKM M/ 2+QHQ;B+H /vMKB+bX 1+QHQ;B+H 1+QMQKB+b- j8UjV- jkjĜjjeX
S2ii2`- JX- JQQM2v- aX- JvM`/- aX JX- .pB/bQM- X- *Qt- JX-  >Q`QbF- AX
kyRjX  J2i?Q/QHQ;v iQ JT 1+Qbvbi2K 6mM+iBQMb iQ amTTQ`i 1+Qbvbi2K a2`pB+2b
bb2bbK2MibX 1+QHQ;v  aQ+B2iv- R3URVX
S72Bz2`- JX- aT2bb- X-  ETHM- CX PX kyRjX  KQ/2H 7Q` ;HQ#H #BQKbb #m`MBM;
BM T`2BM/mbi`BH iBK2, GSC@GJ}`2 UpRXyVX :2Qb+B2MiB}+ JQ/2H .2p2HQTK2Mi- eUjV-
e9jĜe38X
S?HM- "X- PMBH- JX- "HK7Q`/- X-  :`22M- _X 1X kyRRX _2+QM+BHBM; 6QQ/ S`Q/m+@




SBM?bB- _X- 6Q`i- CX-  KK2`KM- X CX kyy8X h`+BM; i?2 Q`B;BM M/ bT`2/ Q7
;`B+mHim`2 BM 1m`QT2X SGQa "BQHQ;v- jURkVX
SBMiQ- "X-  S`iB/`BQ- JX kyRkX h?2 >BbiQ`v Q7 i?2 1bi#HBb?K2Mi M/ JM;2K2Mi
S?BHQbQT?B2b Q7 i?2 SQ`im;m2b2 S`Qi2+i2/ `2b, *QK#BMBM; q`Bii2M _2+Q`/b M/
P`H >BbiQ`vX 1MpB`QMK2MiH JM;2K2Mi- 9NU9V- d33Ĝ3yRX
SBMiQ@*Q``2B- hX-  Jb+`2M?b- CX RNNNX *QMi`B#miBQM iQ i?2 2ti2MbB}+@
iBQMfBMi2MbB}+iBQM /2#i2, M2r i`2M/b BM i?2 SQ`im;m2b2 KQMi/QX GM/b+T2
M/ l`#M SHMMBM;- 9e- Rk8ĜRjRX
SQBMi2`2m- SX- *QmHQM- 6X- GK#Qii2- JX- aim+xvMbFB- hX- aM+?2x P`i2;- oX- 
.2H _BQ- X kyy3X MHvbBb Q7 6`KHM/ #M/QMK2Mi M/ i?2 1ti2Mi M/ GQ+iBQM
Q7 ;`B+mHim`H `2b i?i `2 +imHHv #M/QM2/ Q` `2 BM _BbF iQ #2 #M/QM2/X
h2+?X `2TiX 1l_ kj9RR1L @ kyy3X 1m`QT2M *QKKBbbBQM @ C_* @ AMbiBimi2 7Q`
1MpB`QMK2Mi M/ ambiBM#BHBivX
SQb+?HQ/- SX- EB272`- aX- h` MFH2- lX- 6Bb+?2`- aX-  "QMM- aX RNN3X SHMi bT2+B2b
`B+?M2bb BM +H+`2Qmb ;`bbHM/b b z2+i2/ #v /BbT2`b#BHBiv BM bT+2 M/ iBK2X
TTHB2/ o2;2iiBQM a+B2M+2- RURV- d8ĜNRX
SQbbBM;?K- >X- qBHbQM- EX X- M/2HKM- aX CX-  ovMM2- *X >X kyyeX S`Qi2+i2/
`2b, :QHb- HBKBiiBQMb- M/ /2bB;MX S;2b 8ydĜ89N Q7, S`BM+BTH2b Q7 +QMb2`piBQM
#BQHQ;v- J`i? CX :`QQK- :`v EX J2z2- M/ *X _QMH/ *``QHH 2/MX amM/2`HM-
Jbb+?mb2iib- la, aBMm2` bbQ+Bi2b- AM+X
S`B+2- JX 6X- JQbb- GXX:X-  qBHHBKb- SXqX RNNdX hQm`BbK M/ K2MBiv KB;`iBQMX
S;2b k9NĜk3y Q7, JQmMiBMb Q7 i?2 rQ`H/,  ;HQ#H T`BQ`BivX- J2bb2`HB- "X M/
Ap2b CX .X 2/MX S`i?2MQM Sm#HBb?BM; :`QmTX
S`Q2MÏ- oX kyyNX :HB+BQ@SQ`im;m2b2 QF 7Q`2bi Q7 Zm2`+mb `Q#m` M/ Zm2`+mb
Tv`2MB+, #BQ/Bp2`bBiv Tii2`Mb M/ 7Q`2bi `2bTQMb2 iQ }`2X h2b2 /2 .QmiQ`K2MiQ-
6+mH//2 /2 *BāM+Bb / lMBp2`bB//2 /2 GBb#Q- GBb#QX
S`Q2MÏ- oX-  S2`2B`- >X JX kyRjX aT2+B2bĜ`2 KQ/2Hb iQ bb2bb #BQ/Bp2`bBiv
+?M;2 BM KmHiB@?#Bii HM/b+T2b, h?2 BKTQ`iM+2 Q7 bT2+B2b ?#Bii {MBivX
"bB+ M/ TTHB2/ 1+QHQ;v- R9- RykĜRR9X
S`Q2MÏ- oX-  S2`2B`- >2M`B[m2 JX kyRyX TT2M/Bt k, J2/Bi2``M2M 6Q`2biX
AM, "BQ/Bp2`bBiv a+2M`BQb, T`QD2+iBQMb Q7 i?2 kRbi +2Mim`v +?M;2 BM #BQ/Bp2`bBiv
M/ bbQ+Bi2/ 2+Qbvbi2K b2`pB+2b- G2/H2v SX 2i HX- 2/MX h2+?MB+H _2TQ`i 7Q` i?2
:HQ#H "BQ/Bp2`bBiv PmiHQQF jX
Rdj
*?Ti2` d "B#HBQ;`T?v
S`Q2MÏ- oX JX-  S2`2B`- >2M`B[m2 JX kyRy#X 1+Qbvbi2K +?M;2b- #BQ/Bp2`bBiv
HQbb M/ ?mKM r2HH@#2BM;X AM, CXPX- L`B;m U2/V- 1M+v+HQT2/B Q7 2MpB`QMK2MiH
?2Hi?X 1Hb2pB2`X
S`Q2MÏ- oX J- S2`2B`- >X J-  oB+2Mi2- GX kyy3X P`;MBbKH +QKTH2tBiv Bb M
BM/B+iQ` Q7 bT2+B2b 2tBbi2M+2 pHm2X 6`QMiB2`b BM 2+QHQ;v M/ i?2 2MpB`QMK2Mi-
eUeV- kN3ĜkNNX
Zm2B`Qx- *X- "2BHBM- _X- 6QHF2- *X-  GBM/#Q`;- _X kyR9X 6`KHM/ #M/QMK2Mi,
i?`2i Q` QTTQ`imMBiv 7Q` #BQ/Bp2`bBiv +QMb2`piBQM\  ;HQ#H `2pB2rX 6`QMiB2`b BM
1+QHQ;v M/ i?2 1MpB`QMK2Mi- k33U8VX
_KMFmiiv- LX- 6QH2v- CXX-  PH2DMB+xF- LX CX kyykX S2QTH2 QM i?2 GM/, *?M;2b
BM :HQ#H SQTmHiBQM M/ *`QTHM/b /m`BM; i?2 kyi? *2Mim`vX J"AP,  CQm`MH
Q7 i?2 >mKM 1MpB`QMK2Mi- jRUjV- k8RĜk8dX
_K½Q- *X- _2F2`- CX- _B+?`/- .X-  CQM2b@qHi2`b- GX kyRkX S`Qi2+i2/ `2b
BM 1m`QT2 @ M Qp2`pB2rX h2+?X `2TiX 8fkyRkX 1m`QT2M 1MpB`QMK2Mi ;2M+v-
*QT2M?;2MX
_bF2`- _X-  >+FKM- X RNNeX 1+QMQKB+ /2p2HQTK2Mi M/ i?2 +QMb2`piBQM Q7
H`;2 +`MBpQ`2bX *QMb2`piBQM "BQHQ;v- RyU9V- NNRĜRyykX
_m/b2TT@>2`M2- *X- S2i2`bQM- :``v .X-  "2MM2ii- 1X JX kyRyX 1+Qbvbi2K
b2`pB+2 #mM/H2b 7Q` MHvxBM; i`/2Qzb BM /Bp2`b2 HM/b+T2bX S`Q+22/BM;b Q7 i?2
LiBQMH +/2Kv Q7 a+B2M+2b- RydURRV- 8k9kĜ8k9dX
_22/- JXaX- >m#+2F- EX- "QMM- X- "m`i- hX SX- >QH/2M- CX- ai`BM;2`- GX*X- "2?``v@
"Q`;- LX- "m+FKbi2`- aX- *?TKM- .X-  *?TKM- SX CX kyRjX MiB+BTiBM;
M/ KM;BM; 7mim`2 i`/2@Qzb M/ +QKTH2K2Mi`BiB2b #2ir22M 2+Qbvbi2K b2`pB+2bX
1+QHQ;v M/ aQ+B2iv- R3URVX
_2v "2Mvb- CXJX-  "mHHQ+F- CX JX BM T`2bbX o2;2iiBQM `2biQ`iBQM M/ Qi?2`
+iBQMb iQ 2M?M+2 rBH/HB72 BM 1m`QT2M ;`B+mHim`H HM/b+T2bX AM, _2rBH/BM;
1m`QT2M HM/b+T2b- S2`2B` >XJX M/ Lp``Q GXLX 2/MX aT`BM;2`X
_2v "2Mvb- CXJX-  "mHHQ+F- CXJX kyRkX _2biQ`iBQM Q7 "BQ/Bp2`bBiv M/ 1+Qbvb@
i2K a2`pB+2b QM ;`B+mHim`H GM/X 1+Qbvbi2Kb- R8UeV- 33jĜ3NNX
_2v "2Mvb- CXJX- J`iBMb- X- LB+QHm- CX J-  a+?mHx- CX CX kyydX #M/QMK2Mi
Q7 ;`B+mHim`H HM/, M Qp2`pB2r Q7 /`Bp2`b M/ +QMb2[m2M+2bX *" `2pB2rb,




_2v "2Mvb- CXJX- "mHHQ+F- CXJ-  L2riQM- X*X kyy3X *`2iBM; rQQ/HM/ BbH2ib iQ
`2+QM+BH2 2+QHQ;B+H `2biQ`iBQM- +QMb2`piBQM- M/ ;`B+mHim`H HM/ mb2X 6`QMiB2`b
BM 1+QHQ;v M/ i?2 1MpB`QMK2Mi- eUeV- jkNĜjjeX
_Q+Fbi`ƺK- CX- ai2z2M- qX- LQQM2- EX- S2`bbQM- X- *?TBM- 6X aX- GK#BM- 1X-
G2MiQM- hX JX- a+?2z2`- JX- 6QHF2- *X- a+?2HHM?m#2`- >X CX- LvFpBbi- "X- /2 qBi-
*X X- >m;?2b- hX- pM /2` G22mr- aX- _Q/?2- >X- aQ`HBM- aX- aMv/2`- SX EX-
*QbiMx- _X- ap2/BM- lX- 6HF2MK`F- JX- E`H#2`;- GX- *Q`2HH- _X qX- 6#`v-
oX CX- >Mb2M- CX- qHF2`- "X- GBp2`KM- .X- _B+?`/bQM- EX- *`mix2M- SX-  6QH2v-
CX kyyNX SHM2i`v #QmM/`B2b, 2tTHQ`BM; i?2 b72 QT2`iBM; bT+2 7Q` ?mKMBivX
1+QHQ;v M/ aQ+B2iv- R9UkVX
_Q/`B;m2b- SX kyRyX GM/b+T2 +?M;2b BM *bi`Q G#Q`2B`Q, 7`QK 7`KHM/ #M@
/QMK2Mi iQ 7Q`2bi `2;2M2`iBQMX JXS?BHX i?2bBb- lMBp2`bBiv Q7 GBb#QMX
_Q2#`Q2Fb- qX-  oBHH- SX kyRRX PM i?2 2`HB2bi 2pB/2M+2 7Q` ?#BimH mb2 Q7 }`2 BM
1m`QT2X S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- Ry3URjV- 8kyNĜ8kR9X
_QmMb2p2HH- JX .X X- _2;BMbi2`- AX- `ȹDQ- JX "- *`i2`- hX _X- .2M/QM+F2`- LX-
1r2`i- 6X- >Qmb2- CX AX- EMFMT- aX- G22KMb- _X- J2ix;2`- JX CX- 2i HX X
kyyeX  +Q?2`2Mi b2i Q7 7mim`2 HM/ mb2 +?M;2 b+2M`BQb 7Q` 1m`QT2X ;`B+mHim`2-
1+Qbvbi2Kb  1MpB`QMK2Mi- RR9URV- 8dĜe3X
_m#2M- _X-  S2M/2`- CX kyy9X _m`H /Bp2`bBiv M/ ?2i2`Q;2M2Biv BM H2bb@7pQm`2/
`2b, i?2 [m2bi 7Q` TQHB+v i`;2iBM;X 6QQ/ SQHB+v- kNU9V- jyjĜjkyX
_m//- JXX kyRRX >Qr _2b2`+?@S`BQ`BiBxiBQM 1t2`+Bb2b z2+i *QMb2`piBQM SQHB+vX
*QMb2`piBQM "BQHQ;v- k8- 3eyĜ3eeX
_m//BKM- qX6X kyRjX h?2 Mi?`QTQ+2M2X MMmH _2pB2r Q7 1`i? M/ SHM2i`v
a+B2M+2b- 9RURV- 98Ĝe3X
_mBD;`QF- 1X *X JX-  /2 :`QQi- _X aX kyyeX E2MiHH2M q`/2`BM; Limm`- qi2`-
"Q/2K 2M GM/b+?T, ?mHTKB//2H #BD JE"ǶbX
_mbb2HH@aKBi?- CX- Jm`T?v- "X SX- J2v2`- *X SX- *QQF- :X .X- JB2`- aX- 1/r`/b-
X *X- a+?ix- CX-  "`Q+FH2?m`bi- SX kyyNX AKT`QpBM; 2biBKi2b Q7 bpMM #m`MBM;
2KBbbBQMb 7Q` ;`22M?Qmb2 ++QmMiBM; BM MQ`i?2`M mbi`HB, HBKBiiBQMb- +?HH2M;2b-
TTHB+iBQMbX AMi2`MiBQMH CQm`MH Q7 qBH/HM/ 6B`2- R3URV- RĜR3X
_mbbQ- .X kyyeX 1z2+ib Q7 HM/ #M/QMK2Mi QM MBKH bT2+B2b BM 1m`QT2, +QMb2`@
piBQM M/ KM;2K2Mi BKTHB+iBQMbX h2+?X `2TiX
Rd8
*?Ti2` d "B#HBQ;`T?v
aM/QK- *X- .QMHM- *X CX- ap2MMBM;- CX*X-  >Mb2M- .X kyRjX _2rBH/BM;X S;2b
9jyĜ98R Q7, J+.QMH/- .pB/-  qBHHBb- Ei?2`BM2 CX U2/bV- E2v hQTB+b BM *QM@
b2`piBQM "BQHQ;v kX CQ?M qBH2v M/ aQMbX
aM/QK- *?`BbiQT?2` CX- >m;?2b- CQ2H2M2-  J+/QMH/- .pB/ qX kyRj#X _QQiBM;
7Q` _2rBH/BM;, ZmMiB7vBM; qBH/ "Q`Ƕb amb b+`Q7 _QQiBM; _i2 BM i?2 a+QiiBb?
>B;?HM/bX _2biQ`iBQM 1+QHQ;v- kRUjV- jkNĜjj8X
aM/QK- *XCX- 1D`M¤b- _X- >Mb2M- JX.X.X-  ap2MMBM;- CX*X kyR9X >B;? ?2`#BpQ`2
/2MbBiv bbQ+Bi2/ rBi? p2;2iiBQM /Bp2`bBiv BM BMi2`;H+BH 2+Qbvbi2KbX S`Q+22/BM;b
Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- RRRURRV- 9RekĜ9RedX
aiF2- X-  Arb- uX kyyeX *QmTH2/ 2+QHQ;B+H M/ bQ+BH /vMKB+b BM  7Q`2bi2/
HM/b+T2, i?2 /2pBiBQM Q7 BM/BpB/mH /2+BbBQMb 7`QK i?2 bQ+BH QTiBKmKX 1+QHQ;@
B+H _2b2`+?- kR- jdyĜjdNX
aiF2- X- G2bHB2- >XJX- Arb- uX-  G2pBM- aXX kyydX *QmTH2/ 2+QHQ;B+H@bQ+BH
/vMKB+b BM  7Q`2bi2/ HM/b+T2, aTiBH BMi2`+iBQMb M/ BM7Q`KiBQM ~QrX CQm`@
MH Q7 i?2Q`2iB+H #BQHQ;v- k9eU9V- eN8ĜdydX
a*".X kyRyX :HQ#H "BQ/Bp2`bBiv PmiHQQF jX h2+?X `2TiX *QMp2MiBQM QM "BQHQ;B+H
.Bp2`bBiv- JQMi`ûHX
a+?BHb- _X- EmBFKM- SX- GBbFB- CX- oM PBD2M- JX- aKBi?- SX- q2##- CX- HK- CX-
aQKQ;vB- wX- oM /2M FF2`- CX- "BHH2ii- JX- 1KK2ii- "X- 1pMb- *X- GBM/M2`- JX-
SHQbmQ- hX- "2HHKv- SX- HK- CX- CM/H- _X-  >B2/2`2`- _X kyy3X _2pB2r Q7 2tBbi@
BM; BM7Q`KiBQM QM i?2 BMi2``2HiBQMb #2ir22M bQBH M/ +HBKi2 +?M;2XU*HBKaQBHVX
6BMH `2TQ`iX h2+?MB+H _2TQ`iX
a+?H2v- GX-  _QT2`- hX CX kyyjX .B2i Q7 rBH/ #Q` amb b+`Q7 BM q2bi2`M 1m`QT2-
rBi? T`iB+mH` `272`2M+2 iQ +QMbmKTiBQM Q7 ;`B+mHim`H +`QTbX JKKH _2pB2r-
jjURV- 9jĜ8eX
a+?H2v- GX- .m7`āM2- JX- E`B2`- X-  6`Mix- X*X kyy3X Sii2`Mb Q7 +`QT /K;2
#v rBH/ #Q` Uamb b+`Q7VBM Gmt2K#Qm`; Qp2`  Ry@v2` T2`BQ/X 1m`QT2M CQm`MH
Q7 qBH/HB72 _2b2`+?- 89U9V- 83NĜ8NNX
a+?KBii- JX- "?M- JX- qQ?H7?`i- :X- hTT2BM2`- lX-  *2`Mmb+- X kyRyX GM/
mb2 z2+ib i?2 M2i 2+Qbvbi2K *Pk 2t+?M;2 M/ Bib +QKTQM2Mib BM KQmMiBM
;`bbHM/bX "BQ;2Qb+B2M+2b UPMHBM2V- dU3V- kkNdX
a+?`ƺi2`- .X- *`K2`- qX- G22KMb- _X- S`2MiB+2- AX *X- `ȹDQ- JX"X- `M2HH- LXqX-
"QM/2m- X- "m;KMM- >X- *`i2`- hX_X- :`+B- *XX- /2 H o2;@G2BM2`i- X*X-
Rde
"B#HBQ;`T?v
1`?`/- JX- 1r2`i- 6X- :H2M/BMBM;- JX- >Qmb2- CX AX- EMFMT- aX- EH2BM-
_XCXhX- GpQ`2H- aX- GBM/M2`- JX- J2ix;2`- JXCX- J2v2`- CX- JBi+?2HH- hX.X- _2@
;BMbi2`- AX- _QmMb2p2HH- JX- a#iû- aX- aBi+?- aX- aKBi?- "X- aKBi?- CX- aKBi?- SX-
avF2b- J hX- h?QMB+F2- EX- h?mBHH2`- qX- hm+F- :X- w2?H2- aX-  wB2`H- "X kyy8X
1+Qbvbi2K b2`pB+2 bmTTHv M/ pmHM2`#BHBiv iQ ;HQ#H +?M;2 BM 1m`QT2X a+B2M+2-
jRyU8d8kV- RjjjĜRjjdX
a+?mHix- SX qX- LQHM- CX JX- *BH/BMB- _X "X- :QH/bi2BM- LX CX-  :`BbF2pB+Bmb- oX
kyydX h?2 +QMbi`m+iBp2- /2bi`m+iBp2- M/ `2+QMbi`m+iBp2 TQr2` Q7 bQ+BH MQ`KbX
Sbv+?QHQ;B+H a+B2M+2- R3U8V- 9kNĜ9j9X
a2//QM- S?BHBT C- `Kbi`QM;- .Qm; S-  JHQM2v- _B+?`/ 6X kyydX .2p2HQTBM; i?2
b+B2M+2 Q7 `2BMi`Q/m+iBQM #BQHQ;vX *QMb2`piBQM #BQHQ;v- kRUkV- jyjĜjRkX
a?HBbFv- X- qm;?- CX- :QMxH2x- SX- :QMxH2x- JX- JMi- JX- aMiQbQ- >X- H@
p`/Q- 1X- Lm`m//BM- X X- _Q/`ő;m2x@h`2DQ- .X X-  ariv- _X kyydX 6B`2-
2+Qbvbi2Kb M/ T2QTH2, i?`2ib M/ bi`i2;B2b 7Q` ;HQ#H #BQ/Bp2`bBiv +QMb2`piBQMX
:6A h2+?MB+H _2TQ`i kyyd@kX `HBM;iQM- o, h?2 Lim`2 *QMb2`pM+vX
a?QMQ- EX- */r2M;- 1X -  .m`bi- SX "X kyydX TTHB+iBQM Q7 bbBbi2/ Mim`H
`2;2M2`iBQM iQ `2biQ`2 /2;`/2/ i`QTB+H 7Q`2biHM/bX _2biQ`iBQM 1+QHQ;v- R8U9V-
ekyĜekeX
aBHp- CXSX- hQHM/- CX- CQM2b- qX- 1H/`B/;2- CX- h?Q`T2- 1X-  PǶ?`- 1X kyy3X
GA61 M/ 1m`QT2Ƕb ;`bbHM/b, `2biQ`BM;  7Q`;Qii2M ?#BiiX h2+?X `2TiX P{+2 7Q`
P{+BH Sm#HB+iBQMb Q7 i?2 1m`QT2M *QKKmMBiB2bX
aBKBH - CX- o`DQTm`Q- _X- >#B;?Q`bi- _X-  _BM;- AX kyRjX JQ/mH2 9, G2;H M/
AMbiBimiBQMH 6`K2rQ`FX S;2b k8RĜkey Q7, EH2MF2- _X X- _BM;- AX- E`Mx- X-
C2Tb2M- LX- _mb+?Kv2`- 6X-  >2MH2- EX U2/bV- >mKM @ qBH/HB72 *QM~B+ib BM
1m`QT2X 1MpB`QMK2MiH a+B2M+2 M/ 1M;BM22`BM;X aT`BM;2` "2`HBM >2B/2H#2`;X
aB`KB- *X- "`QiQMb- GX- "m`}2H/- AX- 6QM/2`~B+F- CX-  J`iBM- CX GX kyy3X Ab HM/
#M/QMK2Mi ?pBM; M BKT+i QM #BQ/Bp2`bBiv\  K2i@MHviB+H TT`Q+? iQ
#B`/ /Bbi`B#miBQM +?M;2b BM i?2 MQ`i?@r2bi2`M J2/Bi2``M2MX "BQHQ;B+H *QMb2`@
piBQM- R9RUkV- 98yĜ98NX
aKBi?- 6X X- GvQMb- aX EX- 1`M2bi- aX EX JQ`;M- CQM2b- EX 1X- Em7KM- .X JX-
.vM- hX- J`[m2i- SX X-  >bF2HH- CX SX kyyjX "Q/v Kbb Q7 Hi2 Zmi2`M`v
KKKHbX 1+QHQ;v- 39- j9ykX
Rdd
*?Ti2` d "B#HBQ;`T?v
aiQi2- *X- "H/B- X- "2D- SX- "QiKM- LX .X- >2`xQM- AX- oM .QQ`M- X- .2 aMQQ-
:X _X- _FQbv- GX-  _Kr2HH- *X kyyNX 1+QHQ;B+H BKT+ib Q7 2`Hv kRbi +2Mim`v
;`B+mHim`H +?M;2 BM 1m`QT2@ `2pB2rX CQm`MH Q7 2MpB`QMK2MiH KM;2K2Mi-
NRURV- kkĜ9eX
ai`BDF2`- .X kyy8X J`;BMH HM/b BM 1m`QT2ě+mb2b Q7 /2+HBM2X "bB+ M/ TTHB2/
1+QHQ;v- eUkV- NNĜRyeX
ami?2`HM/- qX CX kyykX PT2MM2bb BM KM;2K2MiX Lim`2- 9R3UeNyyV- 3j9Ĝ3j8X
ap2MMBM;- CX*X kyykX  `2pB2r Q7 Mim`H p2;2iiBQM QT2MM2bb BM MQ`i?@r2bi2`M
1m`QT2X "BQHQ;B+H *QMb2`piBQM- Ry9UkV- RjjĜR93X
hHHBb- >X- E`2Bp- SX- J`pB2`- JX-  *?M;- X kyy3X M 2+Qbvbi2K b2`pB+2b 7`K2@
rQ`F iQ bmTTQ`i #Qi? T`+iB+H +QMb2`piBQM M/ 2+QMQKB+ /2p2HQTK2MiX S`Q+22/@
BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b- Ry8Uk3V- N98dĜN9e9X
h11"X kyRyX h?2 1+QMQKB+b Q7 1+Qbvbi2Kb M/ "BQ/Bp2`bBiv 1+QHQ;B+H M/ 1+Q@
MQKB+ 6QmM/iBQMbX 1/Bi2/ #v Tmb?TK FmK` 2/MX GQM/QM M/ qb?B;iQM,
1`i?b+MX
h11"X kyRkX h?2 2+QMQKB+b Q7 2+Qbvbi2Kb M/ #BQ/Bp2`bBivě2+QHQ;B+H M/ 2+QMQKB+
7QmM/iBQMbX h2+?X `2TiX h?2 1+QMQKB+b Q7 1+Qbvbi2Kb M/ "BQ/Bp2`bBiv Uh11"VX
i2M "`BMF- SX- "/m`- hX- "bbB- aX- .Hv- 1X- .B+FB2- AX- .BM;- >X- :MiBQH2`- aX-
:2`/2b- >X- >`i- EX- E2iimM2M- JX- G;Q- JX- GM- aX- J`FM/v- MBH- Jxx-
GX- LmM2b- SX- SB2i2`b2- JX- _vK2Mi- JX-  hBM+?X kyRRX 1biBKiBM; i?2 Pp2`@
HH 1+QMQKB+ oHm2 Q7 i?2 "2M2}ib T`QpB/2/ #v i?2 Lim` kyyy L2irQ`FX 6BMH
avMi?2bBbX h2+?X `2TiX 1m`QT2M *QKKBbbBQM @ .: 1MpB`QMK2MiX
h?QMB+F2- EX- o2M2pbFv- aX- aBi+?- aX-  *`K2`- qX kyyRX h?2 `QH2 Q7 }`2 /Bb@
im`#M+2 7Q` ;HQ#H p2;2iiBQM /vMKB+b, +QmTHBM; }`2 BMiQ  .vMKB+ :HQ#H
o2;2iiBQM JQ/2HX :HQ#H 1+QHQ;v M/ "BQ;2Q;`T?v- RyUeV- eeRĜeddX
hBHKM- .X- "Hx2`- *X- >BHH- CX-  "27Q`i- "XGX kyRRX :HQ#H 7QQ/ /2KM/ M/ i?2
bmbiBM#H2 BMi2MbB}+iBQM Q7 ;`B+mHim`2X S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7
a+B2M+2b- Ry3U8yV- kykeyĜkyke9X
hQQH2- CXGX- *?- JX-  :QMxH2x- JX*X kyRkX JQ/2HBM; i?2 /QTiBQM Q7 BMMQpiBQMb
BM i?2 T`2b2M+2 Q7 ;2Q;`T?B+ M/ K2/B BM~m2M+2X SGQa PL1- dURVX




hb+?`MiF2- hX- EH2BM- XJX- E`m2bb- X- ai2zM@.2r2Mi2`- AX-  h?B2b- *X kyy8X
GM/b+T2 T2`bT2+iBp2b QM ;`B+mHim`H BMi2MbB}+iBQM M/ #BQ/Bp2`bBivĜ2+Qbvbi2K
b2`pB+2 KM;2K2MiX 1+QHQ;v H2ii2`b- 3U3V- 38dĜ3d9X
hb+?`MiF2- hX- *HQm;?- uX- qM;2`- hX*X- C+FbQM- GX- JQixF2- AX- S2`72+iQ- AX-
oM/2`K22`- CX-  q?Bi#`2/- X kyRkX :HQ#H 7QQ/ b2+m`Biv- #BQ/Bp2`bBiv +QM@
b2`piBQM M/ i?2 7mim`2 Q7 ;`B+mHim`H BMi2MbB}+iBQMX "BQHQ;B+H *QMb2`piBQM-
R8RURV- 8jĜ8NX
hm`M2`- JX :X RNN3X GM/b+T2 2+QHQ;v- HBpBM; BM  KQbB+X S;2b d3ĜRkk Q7,
.Q/bQM- aX AX- HH2M- hX 6X >X- *`T2Mi2`- aX _X- Ap2b- X _X- C2MM2- _X GX-
EBi+?2HH- CX 6X- GM;biQM- LX 1X-  hm`M2`- JQMB+ :X U2/bV- 1+QHQ;vX L2r uQ`F,
Pt7Q`/ lMBp2`bBiv S`2bbX
lL1a*PX RNNeX "BQbT?2`2b `2b2`p2b, i?2 a2pBHH2 ai`i2;v M/ i?2 aiimiQ`v 6`K2@
rQ`F Q7 i?2 qQ`H/ L2irQ`FX h2+?X `2TiX lL1a*P- S`BbX
la *QM;`2bbX RNe9X qBH/2`M2bb +i @ Sm#HB+ Gr 33@8dd URe lXaX*X RRjR@RRjeVX
h2+?X `2TiX qb?BM;iQM- .*X
pM M/2H- CX-  `QMbQM- CX kyRkX _2biQ`iBQM 2+QHQ;v, i?2 M2r 7`QMiB2`X *?B+?2bi2`-
q2bi ambb2tc >Q#QF2M- LC, qBH2v@"H+Fr2HHX
pM "2`F2H- .X"X-  o2`#m`;- SX>X kyR9X aTiBH [mMiB}+iBQM M/ pHmiBQM Q7
+mHim`H 2+Qbvbi2K b2`pB+2b BM M ;`B+mHim`H HM/b+T2X 1+QHQ;B+H AM/B+iQ`b-
jd- RejĜRd9X
pM "2`F2H- .X"X- *`pH?Q@_B#2B`Q- aX- o2`#m`;- SX>X-  GQp2ii- X kyRRX A/2MiB7vBM;
bb2ib M/ +QMbi`BMib 7Q` `m`H /2p2HQTK2Mi rBi? [mHBiiBp2 b+2M`BQb,  +b2
bim/v Q7 *bi`Q G#Q`2B`Q- SQ`im;HX GM/b+T2 M/ l`#M SHMMBM;- RykUkV-
RkdĜR9RX
pM /2M "2`;- X 1-  EQQH2- aX GX kyyeX L2r rBH/2`M2bb BM i?2 L2i?2`HM/b, M
BMp2biB;iBQM Q7 pBbmH T`272`2M+2b 7Q` Mim`2 /2p2HQTK2Mi HM/b+T2bX GM/b+T2
M/ m`#M THMMBM;- d3U9V- jekĜjdkX
pM omm`2M- .XSX- aH- PX1X-  S2`2B`- >X JX kyyeX h?2 7mim`2 Q7 pb+mH` THMi
/Bp2`bBiv mM/2` 7Qm` ;HQ#H b+2M`BQbX 1+QHQ;v M/ aQ+B2iv- RRUkV- k8X
oM+F2`- oX- "2HHBM- LX- JQHBM- X-  Em#BF- SXqX kyR9X 1`QbBQM `2;mHiBQM
b  7mM+iBQM Q7 ?mKM /Bbim`#M+2b iQ p2;2iiBQM +Qp2`,  +QM+2TimH KQ/2HX
GM/b+T2 1+QHQ;v- kNUkV- kNjĜjyNX
RdN
*?Ti2` d "B#HBQ;`T?v
o `2- >X- GKTBM2M- _X- >mKT?`B2b- *X-  qBHHBKb- SX kyyjX htQMQKB+ /Bp2`bBiv
Q7 pb+mH` THMib BM i?2 1m`QT2M HTBM2 `2bX AM, HTBM2 "BQ/Bp2`bBiv BM 1m`QT2-
GX L;v- :X :`#?2``- *X Eƺ`M2`- M/ .X X h?QKTbQM 2/MX aT`BM;2`X
o2`- 6XqXJX kyyyX :`xBM; 2+QHQ;v M/ 7Q`2bi ?BbiQ`vX *"AX
o2`- 6XqXJX kyyNX G`;2@b+H2 Mim`2 /2p2HQTK2MiĜh?2 PQbip`/2`bTHbb2MX
"`BiBb? qBH/HB72- kyU8V- k3 Ĝ jeX
o2`#m`;- SX >-  Pp2`K`b- EX SX kyyNX *QK#BMBM; iQT@/QrM M/ #QiiQK@mT /v@
MKB+b BM HM/ mb2 KQ/2HBM;, 2tTHQ`BM; i?2 7mim`2 Q7 #M/QM2/ 7`KHM/b BM
1m`QT2 rBi? i?2 .vM@*Gl1 KQ/2HX GM/b+T2 2+QHQ;v- k9UNV- RRedĜRR3RX
oBpB`QHB- .X- .Ƀ``- >X>X- J2bb2`HB- "X- J2v#2+F- JX-  q2BM;`iM2`- _X kyydX JQmM@
iBMb Q7 i?2 rQ`H/- ri2` iQr2`b 7Q` ?mKMBiv, hvTQHQ;v- KTTBM;- M/ ;HQ#H
bB;MB}+M+2X qi2` _2bQm`+2b _2b2`+?- 9jUdVX
qHF2`- "X-  J2v2`b- CXX kyy9X h?`2b?QH/b BM 2+QHQ;B+H M/ bQ+BH2+QHQ;B+H
bvbi2Kb,  /2p2HQTBM; /i#b2X 1+QHQ;v M/ aQ+B2iv- NUkV- jX
q?2HM- _X CX RNN8X h?2 2+QHQ;v Q7 }`2X *K#`B/;2 lMBp2`bBiv S`2bbX
qBH/ 1m`QT2X kyRkX  qQ`FBM; .2}MBiBQM Q7 1m`QT2M qBH/2`M2bb M/ qBH/ `2bX
h2+?X `2TiX SM S`Fb 6QmM/iBQMX
qBHFBMbQM- .XJX RNNNX h?2 /Bbim`#BM; ?BbiQ`v Q7 BMi2`K2/Bi2 /Bbim`#M+2X PBFQb-
39URV- R98ĜR9dX
qBHHBKb- JX kyyyX .`F ;2b M/ /`F `2b, ;HQ#H /27Q`2biiBQM BM i?2 /22T TbiX
CQm`MH Q7 >BbiQ`B+H :2Q;`T?v- keURV- k3Ĝ9eX
qBHHBb- EX CX-  "B`Fb- >X CX "X kyyeX q?i Ab Lim`H\ h?2 L22/ 7Q`  GQM;@h2`K
S2`bT2+iBp2 BM "BQ/Bp2`bBiv *QMb2`piBQMX a+B2M+2- jR9U83yjV- RkeRĜRke8X
qBHbQM- *X CX kyy9X *QmH/ r2 HBp2 rBi? `2BMi`Q/m+2/ H`;2 +`MBpQ`2b BM i?2 lE\
JKKH _2pB2r- j9UjV- kRRĜkjkX
qQ`H/ >2`Bi;2 *2Mi`2X kyRjX PT2`iBQMH :mB/2HBM2b 7Q` i?2 BKTH2K2MiiBQM Q7 i?2
qQ`H/ >2`Bi;2 *QMp2MiBQMX h2+?X `2TiX lL1a*P- S`BbX
q`B;?i- CX SX-  CQM2b- *X :X kyyeX h?2 +QM+2Ti Q7 Q`;MBbKb b 2+Qbvbi2K 2M;BM22`b
i2M v2`b QM, T`Q;`2bb- HBKBiiBQMb- M/ +?HH2M;2bX "BQa+B2M+2- 8eUjV- kyjĜkyNX
qq6X kyRyX bb2bbK2Mi Q7 i?2 `2biQ`iBQM Q7 TQi2MiBH HQM; i?2 .Mm#2 M/ KBM
i`B#mi`B2bX h2+?X `2TiX qq6- oB2MM- mbi`BX
R3y
"B#HBQ;`T?v
uQmM;- CX- qii- X- LQrB+FB- SX- H`/- .X- *HBi?2`Qr- CX- >2MH2- EX- CQ?MbQM- _X-
G+xFQ- 1X- J+*`+F2M- .X-  JiQm+?- aX kyy8X hQr`/b bmbiBM#H2 HM/ mb2,
B/2MiB7vBM; M/ KM;BM; i?2 +QM~B+ib #2ir22M ?mKM +iBpBiB2b M/ #BQ/Bp2`bBiv
+QMb2`piBQM BM 1m`QT2X "BQ/Bp2`bBiv  *QMb2`piBQM- R9UdV- Re9RĜReeRX
w2/2`- JXX kyy3X .QK2biB+iBQM M/ 2`Hv ;`B+mHim`2 BM i?2 J2/Bi2``M2M "bBM,
P`B;BMb- /BzmbBQM- M/ BKT+iX S`Q+22/BM;b Q7 i?2 LiBQMH +/2Kv Q7 a+B2M+2b-
Ry8UjjV- RR8NdĜRRey9X




X TT2M/Bt, S2`2B` 2i HX kyRk
S2`2B` >XJX- Lp``Q- GXLX M/ J`iBMb AXaX UkyRkVX
:HQ#H "BQ/Bp2`bBiv *?M;2, h?2 "/- i?2 :QQ/- M/ i?2 lMFMQrMX
MMmH _2pB2r Q7 1MpB`QMK2Mi M/ _2bQm`+2b- jdURV, k8@8y
AM i?Bb Tm#HB+iBQM- G2iBiB JX Lp``Q T`iB+BTi2/ BM i?2 #mBH/BM; mT Q7 i?2
/i#b2 QM bT2+B2b /Bbi`B#miBQM- Al*L +i2;Q`v M/ i?`2i- #b2/ QM Al*LR M/
"B`/GB72k /iX h?Bb /i#b2 rb mb2/ 7Q` i?2 2H#Q`iBQM Q7 };m`2b j- 8- e- d -#-
M/ +- M/ };m`2 3X GJL HbQ T`Q/m+2/ };m`2b R- k- 9 + M/ /- d # M/ /- M/ h#H2
RX //BiBQMMHHv- GJL +QMi`B#mi2/ iQ i?2 i2ti- T`iB+mH`Hv BM b2+iBQM d, Ǵ #Bi Q7
;QQ/ M2rb 7Q`  +?M;2ǴX
RAl*L UkyRRVX Al*L _2/ GBbi Q7 h?`2i2M2/ aT2+B2bX o2`bBQM kyRRXkX
k"B`/GB72 AMiX UkyRRVX .Bbi`B#miBQM JTb Q7 "B`/b Q7 i?2 qQ`H/X *K#`B/;2- lEX
R3j
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Abstract
Global biodiversity change is one of themost pressing environmental is-
sues of our time.Here, we review current scientific knowledge on global
biodiversity change and identify the main knowledge gaps. We discuss
two components of biodiversity change—biodiversity alterations and
biodiversity loss—across four dimensions of biodiversity: species extinc-
tions, species abundances, species distributions, and genetic diversity.
We briefly review the impacts that modern humans and their ancestors
have had on biodiversity and discuss the recent declines and alterations
in biodiversity. We analyze the direct pressures on biodiversity change:
habitat change, overexploitation, exotic species, pollution, and climate
change.We discuss the underlying causes, such as demographic growth
and resource use, and review existing scenario projections. We identify
successes and impending opportunities in biodiversity policy and man-
agement, and highlight gaps in biodiversity monitoring and models.
Finally, we discuss how the ecosystem services framework can be used
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1. INTRODUCTION
Biodiversity is the sum of all “plants, animals,
fungi, and microorganisms on Earth, their
genotypic and phenotypic variation, and the
communities and ecosystems of which they
are a part” (1, p. 138), or simply stated, life on
Earth (2). Biodiversity is multidimensional, and
no single measure of biodiversity can capture
all its dimensions (3). Biodiversity provides the
foundation for ecosystem services, including
nutrient cycling, climate regulation, food
production, and the regulation of the water
cycle, and it is therefore intimately linked with
human well-being (2, 4, 5). This foundation is
now becoming endangered as the human foot-
print on the planet increases and biodiversity
declines. Species are becoming extinct at rates
higher than in the fossil record of the past few
million years, including the peak extinction
rate owing to the megafauna disappearance at
the end of the Pleistocene (6). Several other
dimensions of biodiversity are also declining,
such as the extent of tropical forests and the
mean abundance of wild bird species (7, 8).
The human appropriation of Earth’s natural
resources is not only leading to biodiversity
loss but also to large alterations of biodiversity
distribution, composition, and abundance.
Here, we review our current understanding
of global biodiversity change and its underlying
drivers. We start by scoping our definition of
global biodiversity change, which includes both
biodiversity loss and biodiversity alterations.
Next, we briefly review human-induced global
biodiversity change since the last ice age to
the Industrial Revolution. This provides a
historical background for our discussion of
recent biodiversity change, which is organized
into four biodiversity dimensions: species ex-
tinctions, species abundances and community
structure, species ranges, and genetic diversity.
These dimensions are not by anymeans exhaus-
tive but aim at being representative. We focus
on terrestrial ecosystems, but we also give ex-
amples for freshwater and marine ecosystems.
Next, we examine the direct drivers of biodiver-
sity change: habitat change, overexploitation,
pollution, biotic exchange, and climate change.
Some of these drivers could also be considered
dimensions of biodiversity, such as the change
in quality of a habitat or biotic exchanges, but



















































EG37CH02-Pereira ARI 5 October 2012 14:37
for simplicity, we treat them only in the drivers
section. We discuss how these drivers might
evolve in the next few decades by reviewing
existing social-ecological scenarios and the
projections for indirect drivers, such as popula-
tion growth, consumption patterns, and energy
use. Although much of the news related to bio-
diversity change is worrying, we also provide an
overview of future opportunities for reversing
biodiversity declines and increasing biodiver-
sity at the local level, as well as review some re-
cent successes in biodiversity conservation.The
next section discusses the gaps in our under-
standing of global biodiversity change, both in
observations and modeling. We conclude with
some thoughts on the nature of biodiversity
change and the need to focus our management




Many organisms modify the environment
and as a result increase their fitness or affect
resource availability to other species, processes
known as niche construction of ecosystem
engineering (9). Humans and their hominid
ancestors are no exception; they have been
modifying ecosystems throughout history to
improve food availability and decrease the
success of their ecological competitors. What
is truly exceptional about humans is the scale
at which they have been able to modify ecosys-
tems. The total industrial fixation of nitrogen
(mainly for fertilizer production) together
with biological fixation in crops, and nitrogen
mobilized during fossil-fuel combustion, is
greater than the nitrogen fixed by all natural
processes together (10). Humans currently
harvest about 15% of global terrestrial net
primary production, using about six timesmore
net primary production than was used by the
extinct Pleistocene community of megaherbi-
vores (11). More than 35–40% of the world’s
forests and other natural ice-free habitats have
been converted to cropland and pasture (12,
13), a value that increases to about 70% in some
Biodiversity: the sum
of all organisms on
Earth, their variation,
and the ecosystems of
which they are a part
Biodiversity loss: the
local or global










changes that lead to
modifications of
community structure
or to shifts in species
distributions
Scenarios: plausible





biomes, such asMediterranean forests (2). Over
half of the world’s large river systems have been
affected by dams (14), and 40% of the ocean is
strongly affected bymultiple drivers (15). Some
of these impacts do not target specific species,
such as altering the nitrogen cycle or land-use
change, but may favor some functional groups.
Other actions are directed at specific species or
at least aim directly at some functional groups,
such as hunting, fishing, and timber logging.
An important distinction should be made
between biodiversity loss and biodiversity
alterations (Figure 1). This issue is particularly
important as it implies that not all biodiversity
change is inherently a bad thing, and therefore
we often need to define a set of criteria to assess
the benefits and disadvantages of biodiversity
change. Recent global species extinctions
correspond to net biodiversity loss, as the
number of species created by evolutionary
processes occurs at a much slower pace than
the recent extinction rates (6, 16). The loss
of genetic diversity, particularly the disap-
pearance of populations and particular alleles,
also corresponds to biodiversity loss, although
small alterations of genetic diversity may not
correspond to significant biodiversity loss.
Much of human action alters the species
composition and the relative species abun-







Conceptual diagram illustrating the intensity of loss and alterations associated
with the different dimensions of biodiversity change: extinctions, loss of genetic
diversity, changes in abundance and community structure, and range shifts.
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of communities, but may not lead to bio-
diversity loss at the regional or global scale
(Figure 1). For instance, the conversion of
farmland into forest may lead to the decline
of farmland bird populations but result in
a population increase of forest species (17,
18). Still, large alterations in abundance and
trophic structure may cause net biodiversity
loss (Figure 1). For instance, the depletion
of fisheries (19) or the overall decrease in
the Living Planet Index (20) can certainly be
considered net biodiversity loss.
Many shifts in species’ range induced
by climate or abiotic factors may not lead
to a net biodiversity loss at the global scale
(Figure 1). However, a local scale analysis can
produce a very different result. Shifts in species
distributions occur when a species goes locally
extinct in some parts of its former range and
colonizes new sites. Therefore, in a place where
the species goes extinct, one can consider that
biodiversity has been lost, while in a place
that a species has colonized, one can consider
that biodiversity has been gained. This last
interpretation is however context dependent:
The expansion of exotic species leads to an
overall homogenization of global biodiversity
that is arguably making the biosphere more
monotonous and can threaten native species.
The rearrangement of communities may also
lead to the development of new communities,
particularly for regions where new climates
without current analogs develop (21).
3. A BRIEF HISTORICAL
PERSPECTIVE ON GLOBAL
BIODIVERSITY CHANGE:
FROM THE ICE AGE TO THE
INDUSTRIAL REVOLUTION
We can hypothesize that the first actions of
humans with large-scale impacts on biodiver-
sity were fire and hunting. It is difficult to date
precisely when humans started controlling and
manipulating fires.There have always been nat-
ural fires associated with lightning and volcanic
activity, and therefore the co-occurrence in an
archeological site of burning and artifacts does
not necessarily imply a causal link between the
two (22, 23). The first intentional uses of fire
were likely domestic, including cooking, heat-
ing, predator defense, illumination, and artifact
manufacture and may have started as long as
1.9Mya ago, although its widespread use seems
to date back only to the beginning of the Mid-
dle Paleolithic, around 400,000–200,000 years
ago or even later (Figure 2) (23–25). However,
the systematic use of fire as an ecosystem man-
agement tool is perhaps much more recent,
beginning tens of thousands of years ago (24).
Landscape burning has several purposes, which
include driving game into hunting areas, clear-
ing thick vegetation for travel, and opening up
grazing areas for game species (26). We know
that some recent hunter-gatherer societies,
such as Native America tribes and Australian
Aborigines, managed landscapes with fire and
that fire also played an important role in early
agrarian and herding societies tomaintain open
vegetation and fertilize soil (26). Identifying
how early landscape management by fire be-
came a tool in hominids is harder, and a recent
study has not found a significant difference in
fire regime between the Neanderthal occu-
pation and the arrival of modern humans in
Europe (26). Evidence for change in fire regime
in Southeast Asia and Australia goes back to
about 40,000 years ago, but the Australia
evidence has faced some recent challenges (26).
Hunting is likely to have driven the first
wave of species extinctions induced by humans
starting 50,000 years BP (Figure 2) (22, 27).
The extinction of large-bodied vertebrates (i.e.,
megafauna;>44 kg) closely followed the global
spread of Homo sapiens to new continents and
islands. In Australia, 88% of the megafauna
mammal genera went extinct between the
time of human arrival, ≈50,000 years BP, and
32,000 years BP (28). In North America, 72%
of the megafauna mammal genera went extinct,
mostly between 13,500 and 11,500 years BP
(28), and shortly after the arrival of humans
in the continent between 15,000 years BP
(29, 30) and 13,000 years BP (31). In South
America, 82% of the genera went extinct
sometime between 12,000 and 8,000 years BP
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Qualitative representation of the temporal evolution of the main anthropogenic drivers of biodiversity change. References used for
dating the pressure trend of each driver: fire (23, 24), hunting (28), fishing (160), agriculture and forest clearing (36, 40, 41), species
invasions on islands (42), pollution (2), and anthropogenic climate change (138).
(28). Megafauna also went extinct in the large
islands of Madagascar (e.g., giant lemurs) and
New Zealand (e.g., ten species of moa) soon
after human arrival at about 2,000 years and
1,000 years ago, respectively (22, 27). The
relative roles of human hunting versus climatic
changes in driving megafauna extinctions
have been hotly debated (32), but it is now
becoming accepted that, although climate may
have contributed to preempt the conditions
for the megafauna decline, humans played a
major role in accelerating extinctions through
hunting (27, 28). The megafauna extinction
had major impacts in ecosystems, including
on the fire regime, seed dispersal regime, and
ecosystem function and structure (33, 34).
The next large-scale impact on ecosystems
came with the development of agriculture
(Figure 2) (35). There were multiple origins
of crop domestication: einkorn wheat, emmer
wheat, barley, rye, lentil, pea, bitter vetch,
chickpea, and flax, starting about 10,000 years
BP in the Fertile Crescent (36); rice, soybean,
and foxtail millet in East Asia at about the same
time (37); and squash, peanut, quinoa, and
cotton between 9,000 years and 6,000 years BP
in parts of the Andes (38). Agriculture rapidly
radiated from these regions to other regions
occupied by humans, although at a faster rate
in Eurasia than in the Americas or sub-Saharan
Africa (39). But agriculture was not only the
domestication of crops. Domestication of
animals was a key component of the develop-
ment of agriculture, particularly in the Fertile
Crescent, where sheep, goats, and pigs started
being domesticated around the same time as
the plants (40). Over millennia, agriculture
would bring major ecosystem changes with
























































the deforestation of large areas, changes in
fire regime, the appropriation of primary
productivity by humans, and the replacement
of wild herbivores by domestic grazers (11, 28,
41). In Europe, by 3,000 years BP, perhaps as
much as 30% of the usable land for crops and
pasture had already been cleared (41), a pattern
that would continue to intensify over the
following centuries, only briefly interrupted
by the Dark Ages (AD 500–700) and the black
death (AD 1350). At the beginning of the
Industrial Revolution, at around AD 1850, the
usable land cleared for agriculture in Europe
may have reached a peak of about 80% (41),
much higher than what is currently observed.
The most recent wave of extinctions before
the Industrial Revolution occurred in islands
and was likely associated with the expansion
of global trade via maritime routes (Figure 2).
Between AD 1500 and 1800, all documented
extinctions occurred on islands (42). Bird ex-
tinctions are particularly well documented for
that period. The major drivers of bird extinc-
tions have been, by decreasing order of impor-
tance, invasive species, overexploitation, and
habitat loss (42). The effects of invasive species,
such as cats, rats, and goats, included both direct
predation upon the native birds or the degrada-
tion of their habitats (43).
4. RECENT TRENDS IN GLOBAL
BIODIVERSITY CHANGE
In this section, we review what is known about
global biodiversity change since the Industrial
Revolution (mid-nineteenth century onward).
Much of the emphasis is on very recent changes
in the past 40 years, as some of the data are only
available for that period.We divide our analysis
into four different dimensions of biodiversity
change that have different scores in the loss and
alteration axes (Figure 1).
4.1. Species Extinctions
and Extinction Risk
During the twentieth century, there were ap-
proximately 100 extinctions of birds, mammals,
and amphibians (16). Considering that there
are approximately 21,000 species described in
these groups, this yields a rate of 48 extinctions
per million species years (E/MSY), about 20 to
40 times greater than the average extinction
rate for the Cenozoic fossil record of 1–2
E/MSY (6). Unfortunately, much less is
known for other taxonomic groups and for
organisms inhabiting the marine (44) and
freshwater realms (45). In the very recent
period of 1984–2004, the International Union
for Conservation of Nature (IUCN) recorded
27 extinctions (42). Approximately half of
these extinctions have occurred on continents,
suggesting that recent extinctions are no longer
mostly restricted to oceanic islands. Twelve of
the extinct species were flowering plants, fol-
lowed by eight amphibians and six bird species.
Habitat loss is thought to have played a role
in 13 of these extinctions, followed by invasive
exotics and disease (particularly the amphibian
disease chytridiomycosis). Habitat loss seems
therefore to be playing a much larger role in
very recent extinctions than in previous cen-
turies, and disease is emerging as a new threat
(42).
The current importance of habitat loss and
degradation is also apparent from analysis of
the IUCN Red List of Threatened Species
(Figure 3) (42, 43), where it is identified as the
main current threat to amphibians, mammals,
and birds. The Red List identifies not only the
species that have been confirmed to have gone
extinct but also the species that are currently
threatened and, if pressures remain, may
become extinct in the future. This allows for a
more immediate analysis of global biodiversity
change, as the lag between the initial decline
resulting from a pressure, such as habitat loss,
and the final extinction may take centuries or
millennia (46, 47). Furthermore, a species may
become functionally extinct with a major im-
pact on ecosystem processes and services much
before it becomes extinct in the wild: Examples
include the disappearance of birds playing a
major role in seed dispersal and pollination (48)
and the collapse of fisheries (19, 49). The Red





























































Proportion of threatened species affected by each driver. Threatened species (n = 4,259) include mammals,
birds, and amphibians in the following Red List categories: critically endangered, endangered, and
vulnerable. Main threats are classified as habitat change (i.e., residential and commercial development,
agriculture and aquaculture, energy production and mining, transportation and service corridors, and natural
system modifications), overexploitation, invasive species, climate change, and pollution (161). Several
threatened species are affected by multiple threats.
List uses objective criteria to assess the degree
of threat to a species into one of seven major
categories of increasing risk (50): least concern,
near threatened, vulnerable, endangered,
critically endangered, extinct in the wild, and
extinct. Species that have been assessed by
the IUCN but for which insufficient data
are available to define the threat category
receive a data-deficient classification. Of the
30,738 species from taxa representatively
assessed in 2010, 23% were threatened
(Figure 4a), assuming that the proportion of
threatened species for data-deficient species
is the same for data-sufficient species. This is
a high proportion and reflects the seriousness
of the biodiversity crisis. Nonetheless, it must
be interpreted with care because the approach
used to assess threat includes not only popula-
tion and geographic range reductions (extrinsic
factors), but also characteristics of the species,
such as small population size and restricted geo-
graphic range (intrinsic factors). Species may
exhibit these characteristics naturally, and they
may not be correlated with human-induced
extinction risk (51).
Another problem is the taxonomic bias of
the assessed species. We still do not know
how many species exist on Earth, with a
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recent estimate placing the total number of
species at 7.4 to 10 million (52). Of these, only
around 1.7 million species have been described
(Figure 4a) (16, 43). Systematic global Red
List assessments have been carried out for only
a few taxonomic groups, and the proportion of
species assessed in each group is very different
from its representation in global biodiversity
(Figure 4a). It is virtually impossible to assess
the extinction risk of all taxa. Instead, in the
past few years, the IUCN has developed a
randomized sampling approach to expand its
assessment to more taxonomic groups (53).
Still, the overall pattern emerging from the
Red List assessments is that amphibians (41%
threatened) and cycads (63% threatened) are
the most threatened groups, and birds are the
least threatened group (13% threatened) (54).
The generally low mobility and small ranges of
amphibians and cycads may contribute to this
vulnerability, but one might also ask if our bet-
ter knowledge of bird species has contributed
to their lower assessment of threat.
Most of the threatened terrestrial verte-
brates occur in tropical regions (Figure 5b), fol-
lowing the latitudinal trends in the species rich-
ness of this group (Figure 5a). A very different
map is obtained by looking at the relative pro-
portion of threatened species in each grid cell
(Figure 5c). Incidence of threatened species is
high in much of Asia (except the North), the
Sahara, the Andes, Madagascar, the Caribbean,
New Zealand, and other islands. Areas of high
species diversity and moderate to high inci-
dence of threatened species include the Indo-
Malayan region (particularly Southeast Asia),
the Andes, Central America, the Brazilian Cer-
rado and Atlantic Forest, and some localized
areas of sub-Saharan Africa (Figure 6). These
are regions with restricted-range species (42,
55), and most have undergone rapid forest loss
(56, 57).
The pattern for threatened marine verte-
brates (cartilaginous fish) is somewhat similar,
with higher occurrence of threatened species in
the tropics, but there is also a strong coastal sig-
nal, with both of these regions having higher
species richness (54). When one controls for
the species richness effect, high incidence of
threatened species is still found at coastal ar-
eas (54). This pattern agrees with the higher
human pressure on coastal regions, particularly
that associated with fishing activities (15).
The Red List status gives us a snapshot of
what is happening to biodiversity at a given
time. However, we are also interested in under-
standing the trends in biodiversity. The Red
List Index compares the proportion of species
in the different threat categories over time (43,
54, 58). A key component of developing the
Red List Index is the identification of species
that have changed status not because more
information became available but because the
conservation situation of the species changed,
i.e., genuine changes (43). Red List Indices
have been calculated for birds (1988–2008),
mammals (1996–2008), amphibians (1996–
2008), and corals (1996–2008) (8, 54, 59). In all
cases, the Red List Index shows an increase in
the proportion of threatened species, and this
increase is especially pronounced for corals
owing to the large-scale bleaching event of
1996–1998. It is important to understand that
a flat (or unchanging) Red List Index means, in
theory, that species are still declining toward ex-
tinction, as the maintenance of a given category
of threat indicates that a species population size
or geographic range continues to decline at the
same rate (60). This contrasts with the mean
population abundance indices discussed in the
next section, where a constant value means
the maintenance of the relative extinction risk.
However, the fact that the risk assessment
includes both population/range size and
population/range change can blur this
distinction.
4.2. Changes in Species Abundances
and Community Structure
Changes in extinction risk status can be slow
and do not capture important alterations of
ecosystem function that can occur when species
abundances change (61, 62). In the past decade,
several indicators have been developed to
assess the population abundance dimension of
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biodiversity (Figure 4b), including the Living
Planet Index (LPI) (20, 63), the European
Common Farmland Bird Indicator (64), the
Wild Bird Index (WBI) (covering North
America and Europe) (8), and the European
Butterfly Indicator for Grassland Species (65).
Most of the data in these indicators comes from
extensive observation networks of volunteers
(66), and they portray one of the most immedi-
ate and detailed pictures of global biodiversity
change. The idea in each of the indicators is to
obtain the average population trend across a set
of species and their populations. For example,
the LPI includes 7,190 vertebrate populations
from 2,301 species across the marine, fresh-
water, and terrestrial realms (8). The LPI for
a given year is based on the geometric mean
across all populations of the relative abundance
indices between that year and the previous year
(i.e., NtN t−1 ). That geometric mean is then mul-
tiplied by the value of the LPI in the previous
year to give the final index value for that year,
starting in 1970 with the value 1 (or 100%).
The geometric mean of relative abundance
indices has nice statistical properties, partic-
ularly when based on common species, and is
able to detect overall abundance and evenness
decreases and, to some extent, species richness
decreases (67, 68). The geometric mean is
equal to one when the halving of the density of
a species is compensated by a doubling of the
density of another species. The other indicators
mentioned above follow similar approaches.
Overall, the pattern that emerges from all
of these indicators is of global or regional
declines of species abundances, despite some
year-to-year fluctuations of some indicators
(Figure 4b).TheLPIhas declined from1970 to
2006 by 31% (8), theWBI for habitat specialists
has declined from 1980 to 2007 by 2.6% (8), the
European Common Farmland Bird Indicator
declined from 1980 to 2006 by 49% (69), and
the European Butterfly Indicator for Grassland
Species declined from 1990 to 2009 by 70%
(based on a best-fit line) (65). These numbers
paint a depressing figure and are in some cases
large enough to suggest that ecosystem pro-





used to assess the rate
and intensity of
biodiversity change
However, they must be interpreted with some
caution as the spatial and taxonomic coverage
of these indicators is limited (72). Furthermore,
a finer analysis of these indicators can tell some
contrasting stories. The tropical terrestrial LPI
has declined, but the temperate terrestrial LPI
has increased (20). One possible explanation is
that, although tropical ecosystems are now un-
dergoing fast and detrimental land-use change
and overexploitation (2), these drivers peaked
in temperate regions much before 1970 and
are now decreasing as a consequence of farm-
land abandonment, greater species protection,
and conservation actions. This has favored the
return of large mammals (those that survived
the earlier extinction wave) and other species in
some temperate regions (17, 73). Still, the same
habitat changes that have benefited large mam-
mals are thought to contribute to the decline
of farmland birds and grassland butterflies, al-
though agricultural intensification is likely to
play a major role too (64, 65). There are ma-
jor geographic differences in the marine LPI,
with strong decreases in the Indian Ocean and
Southern Ocean and increases elsewhere (20).
Similarly, although the terrestrial species in the
WildBird Index have declined by 16%, thewet-
land species have increased by 40%. This last
case also illustrates the problem of spatial cov-
erage: TheWaterbird Population Status Index,
with global coverage and measuring the pro-
portion of monitored shorebird populations,
declined 18% from 1985 to 2005 (8). We dis-
cuss biodiversity change uncertainties associ-
ated with spatial coverage in detail in Section 6.
In the marine realm, much of the existing
data come from fisheries, which have influ-
enced the development of marine biodiversity
indicators. The Marine Trophic Index (MTI)
measures themean trophic level of fish landings
(74). The MTI declined globally in the 1960s
and in the 1980s, and it increased in the early
1970s and since the 1990s (8, 75). Declines have
been attributed to overfishing of large species,
leading to shifting fishing efforts to smaller
species at lower trophic levels. Recent increases
have been attributed to the spatial expansion of
the fishing effort (8, 76). The sensitivity of the



















































EG37CH02-Pereira ARI 5 October 2012 14:37
MTI to changes in the spatial distribution
of fishing effort has led to the search for
alternative measures of species abundance
changes in the oceans. One such measure is
the proportion of fish stocks not fully exploited
or depleted (Figure 4b). For the fisheries
that have been assessed, this proportion has
decreased to half since 1974, and currently,
only 21% of the stocks are not fully exploited
or depleted (8, but see Reference 19 for an
alternative estimate). Although the MTI and
the proportion of fully exploited stocks give
us a measure of the capacity of the ecosystem
to provide a service, they may not reflect the
overall state of biodiversity in those systems, as
many species are not targeted by fishing.
Coastal habitats have been undergoing par-
ticularly high human pressure (77), and coral
reefs, one of the most biologically diverse and
productive systems on the planet, are particu-
larly vulnerable because of their sensitivity to
climate change and other pressures (78, 79).
One measure of the community structure of
coral reefs is hard-coral live cover (80, 81).
Hard-coral live cover had a marked declined
in the late 1970s in the Caribbean, following
the white band disease outbreak, but has re-
mained steady since the mid-1980s, although
other community changes have been observed,
including an increase in macroalgae cover in
the late 1980s (Figure 4b) (81). In the Indo-
Pacific live hard-coral cover has declined since
the 1980s, and particularly from 1997 to 2004
(80), and in 2003, coral cover averaged 22.1%, a
value much lower than the historic baseline es-
timates of>50% cover. The bleaching event of
1996–1998 has had major impact, but disease,
sedimentation from coastal development, and
destructive fishing practices have also played a
role.
4.3. Shifts in the Distribution
of Species and Communities
Climate change and other ecosystem change
drivers may cause alterations in species distri-
butions (3, 82, 83). The alteration of a species
distribution can be decomposed into two major
aspects: directional shifts in the distribution
(3) and changes in the size of the distribution
(84). Directional shifts have been measured
using species distribution centroids (3) or
range limits (85). Recently, a new measure
for directional shifts has been proposed, the
Community Temperature Index, which tracks
how the composition of communities at each
site changes toward high-temperature dwelling
species (86). Changes in the size of the species
distribution are likely to be correlated with
overall changes in species abundance (87, 88);
however, directional shifts in the distribu-
tion may go undetected if only total species
abundances are tracked.
An early meta-analysis of birds (United
Kingdom), butterflies (Sweden), and alpine
herbs (Switzerland) suggested that species
were moving their range limits poleward at an
average rate of 0.61 km/year (Figure 4c) (85),
providing evidence of climate change impacts
on species distributions. Another study analyz-
ing northern limit shifts across 16 taxonomic
groups in the United Kingdom found average
shifts of 1.2–2.5 km/year (Figure 4c) (89).
More recently, an assessment of distribution
shifts for birds and butterflies in Europe,
using the Community Temperature Index, has
found rates of 2.1 and 6.3 km/year, respectively
(Figure 4c) (90). The one order of magnitude
difference between the lowest estimate of range
shifts and the highest estimate may be caused
by the different methods used, the different
regions, and the different taxa analyzed. The
intervals of species shift rates are consistent
with those of the velocities of isotherms from
1960 to 2009 in land surfaces (median of
2.7 km/year) and oceans (2.2 km/year), which
exhibit large spatial variations, with some re-
gions exhibiting no significant shifts and others
shifting at rates higher than 10 km/year (91).
Average shifts may hide substantial variation
in individual species responses, as some species
maintain their previous ranges, others move
toward the poles (i.e., North in the North-
ern Hemisphere), and yet others move in
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unexpected directions (83, 92). For instance,
in the North Sea, the varying responses of
different species (Figure 4c ) led to a nonsignif-
icant change in the mean latitude of species
ranges from 1980 to 2004, although most
species assemblages tracked yearly fluctuations
in climate with mean latitudinal shifts of 10–
70 km/◦C (83). Some species assemblages, such
as warm-water specialists, exhibited significant
overall shifts during these 25 years, moving
northward at a rate of 4 km/year (83).
Species can also adapt to climate change by
shifts in elevation (85, 92) or depth (83), shifting
life history traits in time (93), or by adapting to
the new conditions in their local range through
phenotypic plasticity or microevolution (94).
4.4. Genetic Diversity in
Domesticated and Wild Species
Of the four biodiversity dimensions analyzed
here, we have the least information at the
global level for changes in genetic diversity.
Studies of loss of genetic diversity can be
classified into two categories: studies of genetic
diversity of domesticated species and studies
of genetic diversity of wild species. Studies of
domesticated species can further be divided
into plant genetic resources (95) and animal
genetic resources (96).
Over the past few decades, the worldwide
adoption of modern crop varieties adapted to
high-input systems has led to the reduction in
the area farmed with local crop varieties (95).
This change in agricultural practices has raised
concerns: For instance in China, the number
of rice breeds in production is reported to have
declined since the 1950s from 46,000 to 1,000,
and most of the 10,000 traditional corn breeds
are no longer in production (97). Still, there are
many farm communities that, although exposed
tomodern varieties, choose tomaintain, at least
in portions of the farm, traditional varieties
(98). The picture of allelic diversity change is
also complex. Although some studies report
declines in allelic diversity of modern varieties
over the past few decades (99), a meta-analysis
of 44 studies has found no significant overall
trend (100). Another concern is the status of
the crops’ wild relatives, which are under the
same threats as other aspects of biodiversity,
and recently a system of priority areas for
their conservation in situ has been proposed
(95).
Of the about 7,600 animal breeds (among
36 domesticatedmammal and bird species) reg-
istered in the UN Food and Agriculture Or-
ganization’s Global Databank, 20% are clas-
sified as being at risk, and a further 9% have
become extinct (Figure 4d ) (96). Over the past
decades, a similar phenomena towhat happened
with the crop varieties is occurring with the an-
imal breeds: Local animal breeds are being re-
placed by widely used and high-output breeds
more adapted to intensive animal production
systems (7).
Less is known about the loss of genetic
diversity in wild populations. One study has
estimated that about 16 million populations are
being lost annually, on the basis of an estimate
of 220 populations per species derived from
a review of population genetic studies and an
assumption of linearity between tropical defor-
estation and population extinction rates (101).
This is a very indirect estimate, and to our
knowledge, it has not been confirmed indepen-
dently. Other studies have looked at patterns
of genetic diversity in populations impacted by
humans (102, 103). A meta-analysis of popula-
tion genetics studies found decreases in genetic
diversity in animal and plant populations
under pressure of habitat fragmentation and
no consistent signal for populations affected
by hunting or fishing, but found diversity
increases in populations affected by pollution
(103). Another meta-analysis, targeted only
at mammals, found significant lower genetic
diversity in mammalian populations that have
experienced a reduction in population size
or range or a population bottleneck (102). In
a rare longitudinal study, Lage & Kornfield
(104) looked at the genetic diversity in a
population of the Atlantic salmon (Salmo salar)
using samples from 1963 to 2001. They found
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that genetic diversity declined during this
period, closely following population declines.
5. UNDERSTANDING THE
DIRECT PRESSURES
Wenow examine fivemajor categories of global
biodiversity change pressures. For three of
those, habitat change, pollution, and climate
change, globalmodels of their impacts are avail-
able, and we make comparisons between the
terrestrial spatial pattern of the driver and the
impacts on species extinction risk (Figure 7).
Note, however, that the current biodiversity
impacts of land-use change are much greater
than the impacts of the other two drivers
(Figure 3).
5.1. Habitat Change and Degradation
Habitat change and habitat degradation are
currently the major drivers of global biodiver-
sity change (Figure 3). In terrestrial systems,
land-use change dynamics can be broadly classi-
fied into three categories: conversion of natural
habitats to human-dominated habitats, inten-
sification of human use of human-dominated
habitats, and recovery of natural vegetation and
forest in areas that have been previously cleared
by humans. Not all species respond equally to
habitat changes (105–107):When forest is con-
verted to agriculture and pastures, some species
may increase in abundance, whereas other
species, particularly habitat specialists (108,
109), can decline or even go locally extinct.
Although the three types of land change dy-
namics occur inmost world regions, the relative
importance of each one has a strong latitudinal
pattern (Figure 7b) (2, 110): Most conversion
of natural to human-dominated habitats is
occurring in tropical forests (111); agricultural
intensification started in the developed regions
but is rapidly expanding to the rest of the world
(not represented in Figure 7b) (112); most re-
covery of natural and forest vegetation is occur-
ring in temperate regions in Europe and North
America (17) (Figure 7b). A net forest loss of
about 42,000 km2 per year (111) in tropical
regions is partially balanced by a net forest
gain of 8,700 km2 per year in Europe (110).
However, part of the net forest gain is the result
of new forest plantations, often with exotic
species, which often have lower biodiversity
than natural forests (113). Fire plays a major
role in many regions in the conversion of forest
to agriculture but also in maintaining open
landscapes.
As expected, there is an agreement between
the spatial distribution of areas of natural
habitat being converted to agriculture and the
distribution of species affected by habitat loss
(Figure 7a,b), including in Madagascar, some
areas of sub-Saharan Africa, Brazil’s Atlantic
Forest, the Middle East, and Southeast Asia.
Forest loss in Southeast Asia is not well
captured in our land-use change map but has
been reported in other studies (57). There are
some regions where there is a high proportion
of species affected by habitat loss where most
land-use change already occurred in the past
(much of Europe), and regions where species
have been affected by habitat loss not captured
in our analysis (e.g., the Sahara).
River systems have been deeply altered by
impoundments and diversions to meet water,
energy, and transportation needs of a growing
human population (14). Today, there are more
than 45,000 large dams (>15 m in height)
worldwide (14). Dams have upstream impacts,
where lotic systems are changed into lentic
systems, and downstream impacts, where the
timing, magnitude, and temperature of water
flow is changed (45). Dams are also responsible
for the fragmentation of river systems, as
they hamper or even block the dispersal and
migration of organisms (14). Furthermore,
water resource development by impoundments
and diversions has high spatial overlap with
other pressures in freshwater ecosystems,
such as pollution and catchment disturbance
by cropland (114). Other important habitat
changes in freshwater ecosystems include
the loss of wetlands owing to drainage for
conversion to agriculture or urbanization,
overextraction of groundwater (45), and the
excavation of river sand (115).
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Marine habitats are also being affected by
human activities, particularly by destructive
fishing practices, such as trawling and dynamit-
ing (116). Coastal habitats and wetlands have
been affected mostly by urbanization, aqua-
culture development, and coastal engineering
works (15, 77).
5.2. Overexploitation
Overexploitation is the major driver of bio-
diversity loss in the oceans (2, 19). Capture
fisheries production increased for much of the
twentieth century but has reached a plateau
since the mid-1980s at around 70–80 million
tons annually, despite continuing increases
in global fishing effort levels (117, 118). The
global landings would have likely declined
except for the spatial expansion of the fishing
effort toward deeper and further offshore
waters. By the mid-1960s, most fully exploited
or overexploited fisheries were located in
coastal areas of the Northern Hemisphere. By
the 1980s, fishing efforts were having an impact
on regions much farther away from the coast,
in the middle of the northern and southern
Atlantic Oceans. One decade later, the spatial
expansion of the fisheries had reached much
of the world’s oceans, with only some parts of
the Indian Ocean, the Pacific Ocean, and the
Antarctic ocean not having reached maximum
historical catches (116).
In terrestrial systems, hunting is a major
concern in tropical savannahs and forests (2).
Large birds and mammals are targeted for
their meat and charismatic species for their or-
naments and alleged medicinal purposes (108,
111). Wild-meat harvest has been estimated at
67–164 thousand tons in the Brazilian Amazon
and 1–3.4 million tons in Central Africa (119).
The impacts are particularly acute in Southeast
Asia and Central Africa (111). A connection
has been established between the reduction
of fish availability per capita and the increase
in hunting pressure of wild meat in West
Africa (120). Synergistic interactions between
hunting and other drivers, such as land-use
change and disease, can also occur and cause
local extinctions (106).
5.3. Pollution
Eutrophication and other ecosystem changes
caused by pollution are major drivers of
biodiversity loss and alterations in both inland
waters and coastal systems (121). River nitro-
gen loads from point sources, such as domestic
and industrial sewage, and nonpoint sources,
such as agriculture and atmospheric deposition,
increased in most world regions from 1970 to
1995 but are starting to decline or are projected
to decline until 2030 in Europe and northern
Asia (Russia) (122). Lakes are particularly
vulnerable to regime shifts caused by eutrophi-
cation, which may be difficult to reverse (47,
123). Eutrophication can lead to increased
biomass of phytoplankton and macrophyte
vegetation, blooms of toxic cyanobacteria and
other algae, higher incidence of fish kills, and,
in the case of coral reefs, declines in coral reef
health and loss of coral reef communities (121).
Atmospheric nitrogen deposition from
intensive agriculture and fossil-fuel combus-
tion can also affect terrestrial ecosystems,
particularly temperate grasslands (2). The
increase in availability of nitrogen changes the
competition dynamics in plant (124) and lichen
communities (125), favoring the increase
of nitrophilous species and the decline of
nitrogen-sensitive species. One study found a
linear relationship between the rate of nitrogen
deposition and species richness declines in
temperate grasslands and estimated that, for
the levels of nitrogen deposition observed in
much of central Europe (17 kg/ha/year), a 23%
reduction of species diversity can be expected
(124). Unfortunately, some high species diver-
sity regions (e.g., Southeast Asia and Brazil’s
Atlantic Forest) are also receiving similar
levels of nitrogen deposition (Figure 7d ),
but more research is needed to identify its
impacts (126). A visual inspection of the
spatial overlap between the global patterns of
nitrogen deposition and the distribution of ver-
tebrates affected by pollution shows reasonable
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agreement in Europe, but inspection also
shows disagreement in other parts of the
world, such as Central Africa (Figure 7c,d ).
Note, however, that there are other sources of
pollution included in the assessment of species
extinction risk (Figure 7c) and not directly
related to atmospheric nitrogen deposition
(Figure 7d ).
5.4. Introduction of Exotic Species
and Invasions
One of the major trends in global biodiver-
sity change is the increased homogenization of
plant and animal diversity owing to biotic ex-
change. In some cases, exotic species are able to
spread beyond the places where they were in-
troduced, spreading in the landscape and out-
competing native species (127). Islands have
been particularly affected by invasive species
(128): Animal invasions have led to species ex-
tinctions, whereas plant invasions can decrease
the abundance of native species and become
dominant in plant communities. Plant invasions
may also affect the nutrient cycles, alter the
fire regimes, and impact other ecosystem ser-
vices (129, 130). A particularly serious type of
invasions is epidemic disease. One example is
chytridiomycosis, which has been decimating
amphibians in many regions of the world and is
a leading cause of the global amphibian decline
(131). Invasive species have also had impor-
tant impacts on freshwater ecosystems, where
their incidence is correlated with human eco-
nomic activity (132), and in marine and estu-
arine ecosystems due to ballast water or hull
fouling transported by ships (133).
Still, many invasive species have had more
moderate impacts on ecosystems (134), and re-
cently, some ecologists have called for a more
embracing attitude toward exotic species, ar-
guing that alien species should not be a priori
considered negative in an ecosystem but should
be assessed objectively for their impacts (135,
136). Others have argued for active translo-
cation or assisted migration of species endan-
gered by climate change (137), an approach that
seems fraught with peril on the basis of our
historical experience of human introductions of
exotic species, often with the best intentions.
5.5. Climate Change
Global mean surface temperature increased
0.74◦C from 1906 to 2005 and is expected to
increase between 1.8◦C and 4◦C during the
twenty-first century, depending on the socio-
economic scenario (138). Warming is spatially
very heterogeneous as it is largest in terrestrial
systems and at high northern latitudes, with
recent warming greater than 1.5◦C in some ar-
eas, and least pronounced in the tropics, where
many regions have warmed around 0.5◦C
(Figure 7f ). The impacts of climate change
are already contributing to increased extinc-
tion risk of species at high northern latitudes
(Figure 7e). Further climate change impacts
in these regions have been projected for birds
(139) and for plants (46) during this century.
Surprisingly, in the Cape region (South Africa)
and in southeastern Australia, a high incidence
of species negatively affected by climate change
has been reported (Figure 7e), although
these areas are not suffering large warming
(Figure 7f ). One explanation may be that
those regions have many species particularly
vulnerable to climate change. Species with
high vulnerability are species that have narrow
climate niches, cannot shift their ranges, or
are unable to change their phenology, evolve
their physiology, or behaviorally adapt to the
new conditions (93, 140). For instance, the
limited ability of mountaintop species to shift
in elevation has been identified as a major
climate vulnerability (92).
For amphibians, important future climate
impacts have been projected in the northern
Andes, parts of the Amazon, Central America,
southern and southeastern Europe, sub-
Saharan tropical Africa, and Southeast Asia
(140, 141). Surprisingly, this disagrees some-
what from the recent spatial patterns of in-
creased extinction risk owing to climate change
(Figure 7e).
In corals, most threatened and climate
change–susceptible species occur in Southeast
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Asia (140). Climate change is also causing
sea-level rise and threatening coastal habitats,
particularly in synergy with land-use change,
which may not allow coastal habitats to migrate
inland (47).Marine ecosystems are also affected
by ocean acidification caused by climate change,
particularly corals (79) and other marine or-





Upstream from the direct pressures on biodi-
versity, there are indirect drivers of biodiversity
change. Major indirect drivers for biodiversity
include population growth, energy use and
energy production, diet, and food demand.
Naturally, these drivers interact between them
and with other drivers, such as technology
development, socioeconomic changes, and
cultural transformations (143). One way of
exploring the relationship between the indirect
drivers and global biodiversity change is
through scenario modeling. Biodiversity sce-
narios have recently been reviewed elsewhere
(3). They can be developed in three steps:
(a) plausible trajectories of key indirect drivers
are generated; (b) the trajectories are fed into
models that project changes in direct pressures;
and (c) projected pressures are used as inputs
of biodiversity models. Many scenarios explore
different futures and how they depend on policy
decisions, but scenario models can also be used
for hindcasting, i.e., to reconstruct the past.
The human population increased from
2.5 billion people in 1950 to 7 billion in
2011 and can reach between 8.1 billion and
10.6 billion people in 2050, depending on
the scenario (144). The increase in human
population growth is being accompanied by
an increase in the demand for food (with food
production growing faster than human popu-
lation) and an increase in energy consumption
(2). How much of the increase in food pro-
duction needed over the next few decades will
come from intensification or from farmland
expansion to natural habitats will depend on
technological developments, policy choices,
and societal behavior. Similarly, how a growing
energy demand will be satisfied by additional
fossil-fuel consumption or by shifting energy
production toward other sources has also been
explored in scenarios.
Most scenarios project a decrease in forest
area by 2050 of up to 20% and in an extreme
case, of more than 60% (3). Still, some sce-
narios that account for policies recognizing the
role of forests in CO2 sequestration and avoid-
ing the impacts of land-use changes, including
conversion of forests to biofuels, project net
increases in forest area (3). Species extinction
rates will continue to be higher than in the fossil
record. For the same modeling approach, sce-
narios with lower levels of population growth
and climate change result in lower estimates of
biodiversity loss.
7. A BIT OF GOOD NEWS
FOR A CHANGE
Despite the gloomy biodiversity picture de-
picted in the previous sections, there is also
some good news about global biodiversity
change due to the reversion of the effect of a
driver (e.g., forest recovery) or the successes of
conservation initiatives on the status of species
(Table 1).
Measures such as habitat conservation,
reintroduction programs, and legislation have
proven to be efficient in improving the status
of several species (145). One way to assess
conservation successes is to identify prevented
extinctions. Between 1994 and 2004, 16 bird
species would have gone extinct if actions had
not been undertaken to protect them (146).
One example is the population of the Norfolk
Island green parrot (Cyanoramphus cookii ), very
likely to go extinct in 1994, with only four
breeding females, which has now close to 300
individuals thanks to habitat protection and
control of predator and competitor species.
In Europe, a comparison of bird population
trends between Birds Directive Annex I (higher
protection level) and non-Annex I species
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Table 1 Examples of successful outcomes of global, regional or national conservation initiatives (expanded from
References 8 and 54)
Successesa (references) Detail/examples
Improvement in the Red List
classification of species (8, 54, 145)
Mammals: 24–25 species out of 195 between 1996 and 2008 (1 species for every 7 with
decreasing status)
Birds: 33–44 species between 1988 and 2008
Amphibians: 4–5 species between 1980 and 2004
The improvement in the conservation status of these species is explained by habitat protection,
reintroduction programs, legislation, control of competitors, or a combination of those
measures.
Impact of the Bird Directive in
Europe: Annex I listing (147)
Birds: significantly higher population trends for the 1990–2000 period when comparing Annex
I and non-Annex I species.
Prevention of species extinction
(146)
Birds: extinction was avoided for 16 species classified as critically endangered by the IUCN.
The mean population size for these species was augmented from 34 individuals in 1994 to 147
in 2004.
Conservation measures included habitat-based protection, invasives control, captive breeding,
and (re)introductions.
Natural recolonization and
recovery from local extinctions
(153)
Mammals: increasing population size and distribution for carnivore species between 1970 and
2005 in Europe, following land abandonment and reduced human pressure:
Gray wolve (Canis lupus) from 8,000 to 18,500 individuals;
Brown bear (Ursus arctos) from 10,000 to 14,000 individuals; and
Eurasian lynx (Lynx lynx) from 4,000 to 8,000 individuals.
Increased Water Quality Index (8) This index of the physical and chemical quality of freshwater increased 7.4% in Asia between
1980 and 2005.
Restored fishery stocks (19) In parts of the coasts of Australia, Canada, Iceland, New Zealand, and the United States,
recovery of fishery stocks was made possible by the implementation of management programs
designed to lower fishing pressure, to prevent overfishing, and to restore marine ecosystems.
Decreased pressure on forests (8) In 2008, the annual area deforested in the Amazonian forest of Brazil represented less than half
of the area cleared in 2004 (1.3 million ha versus 2.8 million ha). Nonetheless, it is not clear
whether this decrease is due to legislation or to less demand for natural resources.
Conservation status and population
trends in the EU25 (148)
Birds: 12 species (out of 448) no longer have an unfavorable conservation status (228 in 1990
versus 216 in 2000).
Increasing population trends were also observed for species in marine, coastal, inland wetland,
and Mediterranean forest habitats.
aAbbreviations: EU25, European Union member states as of 2004; IUCN, International Union for Conservation of Nature.
(lower protection level) also shows significant
differences, highlighting the effectiveness of
the European policies (147). The conservation
of threatened habitats, such as inland wetlands
and Mediterranean forests, also allowed for
an increase in some bird populations trends
(148). At a global scale, Hoffman et al. (54)
identified 68 species, including 40 birds,
4 amphibians, and 24 mammals, that showed
an improvement in their conservation status,
leading to a revision of their IUCN category.
In the marine biomes, the restoration of fishing
stocks can deliver important benefits (19).
Conservation successes are also associated
with the implementation of protected areas.
Protected areas considerably increased during
the past century and now cover 12% of the ter-
restrial surface (8). However, designations of
protected areas do not always lead to the imple-
mentation of on the ground effective measures
to protect habitats and species (149). Comple-
mentary tools to combat declines of biodiversity
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outside nature reserves are agri-environment
schemes, which are policy tools with ample
scope to reverse the negative trends of once-
common, widespread species (150), and direct
payments to conserve biodiversity (151).
In some regions of the world, a habitat
conservation strategy that is emerging as a
significant opportunity is the rewilding of
abandoned areas (17). Natural revegetation
in large areas has been observed in the past
and is predicted to occur in the next decades
(Figure 7b), particularly on remote and
marginally productive areas (e.g., mountains)
in theNorthernHemisphere where agriculture
and forestry activities are being abandoned
(46, 152). The subsequent reappropriation
of the land by wildlife can be beneficial for
various species that take advantage of the
reduced human pressure (17): Several Euro-
pean carnivores have been coming back to
countries where they were previously extinct
(153). Still, natural regeneration presents
certain challenges that depend on the level of
resilience of the land (154, 155) and potential
conflicts with human populations (17).
Finally, aside from avoided extinctions and
increasing population trends, conservation suc-
cesses can be measured in changes in societies’
behavior regarding sustainable resource uses.
The increasing public support for biodiver-
sity conservation in the past few decades (156),
the commitment of the Convention on Bio-
logical Diversity parties to new goals for 2020
(157), and the recent establishment of the In-
tergovernmental Platform on Biodiversity and
Ecosystem Services (http://www.ipbes.net)
give hope of further progress in the years to
come.
8. MAJOR GAPS IN OUR
UNDERSTANDING OF GLOBAL
BIODIVERSITY CHANGE
In this article, we reviewed the current sci-
entific knowledge about the state of global
biodiversity change. Overall, the patterns that
emerge allow us to state with confidence that
biodiversity is being rapidly altered on land,
in rivers, and in oceans, and is being lost
locally in many regions and also globally. Some
conservation actions have been successful
at mitigating or, in a few cases, reversing
biodiversity loss. However, many unknowns
remain, and we still do not know the exact
dimensions of the biodiversity crisis.
Some of the biodiversity indicators that
were described in Section 4 and that were used
to assess the 2010 target of the Convention on
Biological Diversity are far from being com-
pletely developed (149). Very little is known
about trends in genetic diversity, particularly
in wild species. The taxonomic coverage of the
indicators and assessments is very limited: The
extinction risk of the vast majority of biodiver-
sity is not known (Figure 4a), and most of the
population indicators are derived from verte-
brate populations (Figure 4b). This is not to say
that the same conservation and research em-
phasis shall be placed on all biodiversity. People
place high existence values on vertebrates (158),
and many important ecosystem services are
associated with vertebrates (48, 62). It is just an
acknowledgment of the large gap in our taxo-
nomic knowledge of global biodiversity change.
More worryingly, even the available informa-
tion for vertebrates is spatially very heteroge-
neous (72) and is least available in regions that
are currently under pressure (Figure 8). The
Group on EarthObservations Biodiversity Ob-
servation Network (GEO BON) aims at filling
these gaps by integrating biodiversity monitor-
ing programs across the globe and promoting
biodiversity monitoring in gap regions (159).
Major gaps and uncertainties remain in
modeling global biodiversity change. In terres-
trial systems, most research has been dedicated
to model climate change impacts, although
some work has also been done on modeling
the impacts of land-use change and, to a lesser
extent, pollution. Models are lacking for the
global spatial distribution of exploitation pres-
sure and invasive species and their impacts in
terrestrial systems. But even for the pressures
that have received most attention, large uncer-
tainties remain: Projected extinction rates for
this century range from less than 20 E/MSY
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to more than 14,000 E/MSY (3). Both the lack
of harmonization of modeling approaches and
the lack of knowledge of how species respond
to global change contribute to this uncertainty.
9. IS ALL BIODIVERSITY CHANGE
EQUALLY BAD?
Our world is changing, and biodiversity is no
exception. Yet, not all biodiversity change is in-
herently bad, and we should avoid a static view
of conservation biology (despite its name). The
maintenance of the landscapes or the biological
communities we know should not be the a
priori management target. We need to assess
biodiversity change with objective criteria. The
ecosystem services framework (2, 70), with
the appropriate inclusion of species existence
values (158), is an excellent tool to assess the
management priorities for biodiversity change.
It allows us to identify not only the benefits
and costs of biodiversity alterations for human
well-being but also to prioritize the biodiversity
losses that are more important to address.
Biodiversity alterations and losses have to
be assessed for their contribution to ecosystem
processes, such as nutrient cycling and soil
formation, and to ecosystem services, such as
climate regulation, water quality regulation,
water provisioning, timber provisioning, dis-
ease and pest regulation, and cultural services.
An appropriate inclusion of existence values
is essential; people place large values on the
conservation of particular species or taxonomic
groups. Therefore, not all species extinctions
can be treated equally from a utilitarian point of
view. The extinction in the wild of the viruses
variola major and variola minor, the causes of
the deadly smallpox, was arguably a good thing.
But in many more cases, the loss of biodiversity
is impoverishing us and making our planet
more unequal for its human inhabitants: It is
often the poor that suffer the first negative
impacts of biodiversity change (2).
Some biodiversity alterations, such as the
conversion of the Amazon forest to agricultural
areas, may lead to tipping points in ecosystems
that are hard to reverse (47), but the majority of
biodiversity alterations are reversible through
management. In contrast, biodiversity loss is
usually irreversible: Extinction is forever, at
least with the current biotechnology level.
Scientists can inform society about how bio-
diversity is changing and what the likely con-
sequences of those changes are for ecosystems
and for human well-being, but it is up to society
to decide what should be done about these
issues.
SUMMARY POINTS
1. Biodiversity change is composed of biodiversity loss, such as species extinctions, and
biodiversity alterations, such as species range shifts.
2. Biodiversity is changing at unprecedented rates in human history: Species are becoming
extinct or closer to extinction; mean species abundances of several taxa are decreasing;
species are shifting their ranges in response to climate change; and domestic and wild
genetic diversity are being lost.
3. The major direct drivers of biodiversity change are habitat change and overexploitation.
Pollution, exotic species, and disease are also important drivers. Climate change is an
emerging driver of biodiversity change.
4. Human population growth and human resource use are the underlying indirect drivers
of biodiversity change.
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5. There have been some important successes in biodiversity conservation—mainly through
species management, protected areas, and increased societal awareness. Farmland aban-
donment is an opportunity for biodiversity restoration.
6. Not all biodiversity change is bad. Biodiversity change should be assessed in relation to
its consequences for ecosystem services and species existence values.
FUTURE ISSUES
1. There are major gaps in our knowledge of biodiversity change, and there is the need to
improve our biodiversity monitoring programs worldwide.
2. There are also important uncertainties and gaps in our models of global biodiversity
change.
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(a) (left) Estimated proportion of species in each of the main domains (52). For each taxonomic group, the dark green identifies the
proportion of species already described relative to the estimated number of species. (right) Proportion of assessed species for each taxa
that has been representatively evaluated by the IUCN (plants include cycads, conifers, and sea grasses; freshwater crustaceans include
crayfish and crabs). The dark red identifies the proportion of species threatened in each group (54). (b) Evolution of some of the main
biodiversity indicators between 1970 and 2010 (8, 162, 163). All indicators are dimensionless as they are scaled relative to their values in
the first year for which information is available. (c) Observed northward shifts in species or communities of species (km/year):
! meta-analysis of shifts of the northern range limit for 99 species of butterflies, birds, and alpine herbs in Europe (mean ± standard
error) (85);" northward shift in the composition of bird and butterfly communities in Europe (mean ± standard error) (90);# mean
shift of the northern range limit for 16 taxa in the United Kingdom, based on heavily recorded atlas cells (lower bound), well-recorded
cells (middle line), all recorded cells (higher bound) (89);$ mean shift of the northern range limit for 28 species of bottom-dwelling
fishes in the North Sea, for all species (middle line), for warm specialists (upper bound), and for cold specialists (lower bound) (83).
(d) Risk status for breeds of mammalian (5,600 breeds) and avian (2,000 breeds) domesticated species (96). The “at risk” category
includes critical, critical-maintained, endangered, and endangered-maintained species. Abbreviations: LPI, Living Planet Index; WBI,
Wild Bird Index (of habitat specialists); WPSI, Waterbird Population Status Index.
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Figure 5
Global distributions of terrestrial vertebrates and threatened species, based on species ranges for birds (n = 10,606) (164), mammals
(n = 5,348), and amphibians (n = 6,248) (161). Color scales are based on geometric intervals (interval size increases at a constant ratio
to the left and to the right of the black bar in the scale). Density calculations are based on grid cells of 0.48◦ × 0.48◦. (a) Species
richness. (b) Number of threatened species (critically endangered, endangered, or vulnerable). (c) Proportion of threatened species
(number of threatened species divided by number of species in each cell).
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Overlay between the predicted loss of natural habitat and the distribution of the populations monitored by the Living Planet Index
(LPI). The circles illustrate the geographical origin of the data used to calculate the annual LPI (20). The size of these points varies
according to the number of populations being monitored. The map of land-use change represents the areas of conversion from natural
habitat to agriculture, based on the projections of the Order from Strength scenario between 1970 and 2020 (165).
←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Figure 7
Global distribution of impacts of drivers on terrestrial vertebrates ( panels a,c,e) and the intensity levels of those drivers ( panels b,d, f ).
The impacts include all species listed in the International Union for Conservation of Nature (IUCN) Red List as negatively affected by
those drivers, including threatened and nonthreatened species (161). (a) Proportion of species suffering from habitat loss (residential
and commercial development, agriculture and aquaculture, energy production and mining, transportation and service corridors, and
natural system modifications). (b) Land-use change between 1970 and 2020: revegetation from agriculture, conversion from natural
habitat to agriculture or steady agricultural use. This panel is based on the projections of the Order from Strength scenario (165).
(c) Proportion of terrestrial vertebrates suffering from pollution. (d ) Nitrogen deposition (in milligrams of nitrogen/m2/year) in 1993
(166). (e) Proportion of species suffering from climate change and severe weather. ( f ) Annual mean surface temperature change
between the average of 1965–1975 observations and the average of 2015–2025 model projections for the Intergovernmental Panel on
Climate Change B1 scenario (167).
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a  b  s  t  r  a  c  t
Agricultural  land  abandonment  (ALA)  is  widespread  in many  countries  of  the  global  north.  It impacts
rural  communities,  traditional  landscapes,  biodiversity  and  ecosystem  services.  It is an opportunity  for
ecosystem  restoration  or new  landscape  functions.  We  explored  ALA in  study  areas  in  Australia,  Portugal
and Sweden.  In  each,  we  assessed  plant  species  diversity,  historical  trajectories  of  land  cover change;
and  the  socioeconomic  past,  present  and  future  in  interviews  with  farmers.  The  ALA data  was  integrated
and  analysed  by identifying  the drivers  of  change.  The  relative  importance  of  each  driver  and  its scale  of
action  was  estimated,  both  in the past (1950–2010)  and  in the  future  (2010–2030).  ALA has  transformed
rural  landscapes  in  the  study  areas of Portugal  and  Sweden.  It is  at a  much  earlier  stage  with  potential  to
increase  in  the  Australian  case.  We  identified  a set  of  driving  forces,  classified  into pressures,  frictions  and
attractors  that clarify  why  ALA,  noting  its  temporal  and  spatial  scale,  occurs  differently  in each  study  area.
The effect  of the  drivers  is  related  to social  and  historical  contexts.  Pressures  and  attractors  encourag-
ing agricultural  abandonment  are  strongest  in  Portugal  and  Sweden.  Generally  more  (institutionalized)
frictions  are  in  place  in  these  European  sites, intended  to prevent  further  change,  based  on  the  bene-
fits  assumed  for  biodiversity  and  aesthetics.  In Australia,  the  stimulation  of driving  forces  to promote  a
well-managed  abandonment  of some  cleared  areas could  be highly  beneficial  for  biodiversity,  minimally
disruptive  for  current  dairy  farming  operations  and  would  bring  opportunities  for  alternative  types  of
rural development.
© 2013 Elsevier Ltd. All rights reserved.
Introduction
Land use change has implications for sustainable development
at a global scale (Pereira et al., 2010), particularly with regard
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to feeding a growing and wealthier human population (Foley
et al., 2005). During the last 50 years there have been two main
land use trajectories affecting biodiversity and nature values in
agricultural landscapes (Tilman et al., 2001). More economically
productive areas have been intensified, incorporated into larger
assemblages particularly within developed countries (Stoate et al.,
2009), whereas remote, economically unproductive farm areas are
increasingly abandoned, reforested, or included in rewilding for
nature values with the creation of nature reserves or parks (Pinto-
Correia, 1993; MacDonald et al., 2000; Navarro and Pereira, 2012).
Although the connections between social and ecological values are
recognized as important (Folke, 2006; Carpenter et al., 2009), few
studies integrate both social and ecological data from case studies
0264-8377/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
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to examine the links between social drivers and their effect on land
use and biodiversity. Yet, the trend in land abandonment evinces
concern and/or opportunity globally but for markedly different rea-
sons in various landscapes (Moreira et al., 2001a; Gellrich et al.,
2007; Cramer et al., 2008; Cetinkaya, 2009).
In this study we compare case studies in Australia, Portugal and
Sweden. These countries have had different social-economic devel-
opment during the last century, and all three experience degrees of
agricultural land abandonment (ALA). In each country we examine
the drivers of change affecting ALA and discuss effects on land use
and on the social and ecological systems. In doing so, we will inte-
grate what Lambin et al. (2001) refer to as local-level case studies
with regional ‘generalities’ to link to international themes of global
change. The goals of our study are to examine: (i) which are the
main drivers influencing management practices associated with
agricultural land use change and abandonment in the three loca-
tions; (ii) what are the temporal and spatial scales and institutional
levels framing land use change; and (iii) how have these drivers,
through different land use changes, affected and will affect biolog-
ical and cultural outcomes. Ultimately, this framework is intended
to enable and better support policy decisions associated with agri-
cultural land abandonment.
Agricultural land abandonment
The degrees of land use change have both spatial and temporal
historicity, associated with the decline in agricultural productivity
within regions, across economies and in association with tech-
nological and demographic changes (Beilin et al., 2011). ALA is
commonly defined qualitatively as land condition; and quantita-
tively as years without agricultural use (Moravec and Zemeckis,
2007, p. 5). It may  be evident at a variety of scales and with dif-
ferent degrees of intensity (Pinto-Correia, 1993; Burel and Baudry,
1995). At the extreme, abandonment is the complete withdrawal
of agricultural management from the landscape and a transition to
various non-agricultural lands uses (Keenleyside and Tucker, 2010).
In other instances there is a reduction in management intensity,
e.g. conversion of croplands to pasture areas (Bielsa et al., 2005).
These situations may  occur at different scales (MacDonald et al.,
2000); and depending on spatial and temporal scales, the outcomes
of abandonment may  not be permanent (Wood, 1993).
ALA is driven by a combination of different factors, ranging
from physical constraints of the landscape to more economic and
social drivers (Strijker, 2005; Kizos and Koulouri, 2006; Koulouri
and Giourga, 2007). A combination of these drivers is generally
more pronounced in remote and isolated regions, such as moun-
tain zones or marginal areas for agriculture where productivity is
low, e.g. areas with shallow soil, salty soils, or poorly drained, while
mechanization is often restricted by the terrain (MacDonald et al.,
2000; Gellrich and Zimmermann, 2007; Cramer et al., 2008).
The diminishing of agriculture in an area often co-varies with
socio-economic changes and has ecological consequences, which
can differ with local land use history, climate and landscape compo-
sition (Rey Benayas et al., 2007). Related socio-economic changes
in remote areas are characteristically demographic, for example,
declining and ageing populations. How biodiversity is affected
by different land use changes is a contested topic in conserva-
tion research (Balmford et al., 2005; Matson and Vitousek, 2006;
Dorrough et al., 2007; Vandermeer and Perfecto, 2007) and that is
true in relation to land abandonment (Pereira et al., 2005; Navarro
and Pereira, 2012). Agricultural practises have been responsible
for the destruction and fragmentation of many native habitats
with consequent negative impacts on biodiversity (Poschlod et al.,
2005); therefore it could be expected that retiring agricultural land
from production can be an opportunity to improve the condition
for many species that were severely affected by native habitat
fragmentation in the past (Reidsma et al., 2006; Foster et al., 2009;
Aide et al., 2012). However, decline in traditional low-intensive
agriculture often has negative effects on biodiversity at the local
scale, as the moderate utilization of grasslands and forests in his-
torical times were associated with high species richness in the rural
landscape of Europe (Kull and Zobel, 1991; Eriksson et al., 2002;
Pykälä, 2004), leading to the concept of high nature value farmland
(Halada et al., 2011).
Drivers of change
‘Driving forces’ are defined as ‘the forces that cause observed
landscape changes, i.e., they are influential processes in the evo-
lutionary trajectory of the landscape’ (Bürgi et al., 2004, p. 858).
The potential of the concept lies in the possibility of using driving
forces as a theoretical frame to understand and analyse changes
and also, by comparing case studies, to identify common land use
trends (Eiter and Potthoff, 2007; Schneeberger et al., 2007).
In a literature review of the concept and application of driving
forces of land use change, Slätmo (2011) characterizes them into
four concepts: pressures, frictions, attractors and triggers. Pressures
are factors that are pushing for change, with long term implications
that put a stress on the current land use. Pressures can be divided
into different types deriving from overarching categories such as
political, economic, cultural and technical. Frictions are factors that
serve to resist change: preventing, slowing down or changing the
direction of land use change. Frictions can be divided into different
types deriving from the same overarching categories as ‘pressures’.
Attractors are associated with site conditions that attract change
due to their privileged characteristics and/or location. Triggers are
factors that spur land use change in a direct, time specific ways
(e.g. the opening of a new road). Therefore, even if their impact is
significant, they are difficult to relate to long term landscape trans-
formations due to their short-term nature. If a trigger persists in
time, then it can be easily classified as either a friction or a pressure
(e.g. increased accessibility because of the new road).
Study areas
Individual sites in each country (Australia, Portugal and Sweden)
incorporated landscapes exhibiting different levels of ALA, but
sharing some overall similarities. These were the impacts of global
markets, challenging biophysical conditions for farming and at least
one hundred years of consecutive agricultural land use.
Poowong, Australia
The Australian case study is located in the south-eastern State of
Victoria within a commutable 100 km of the capital city, Melbourne
(Fig. 1). Encompassing approximately 18,000 ha of farmland pre-
dominantly used for grazing dairy cows and beef cattle, the research
area is situated north-east of a small rural township, Poowong,
spanning two  local government administrations. The terrain is hilly
and steep, but the elevation range is limited to between 90 and
300 m above sea level. The area is best described as a maritime
temperate climate, with mean maximum temperatures around
24.5 ◦C in the summer and just above 13 ◦C in winter, with very rare
episodes of minimum temperatures below 0 ◦C. The area receives
a typically high annual rainfall by Australian standards, between
800 mm and 1400 mm.  The combination of rugged topography and
duplex soil types formed from sedimentary and basalt bedrock
creates a landscape vulnerable to erosion and landslips through
waterlogging and disturbance of vegetation cover for agriculture
and forestry (Jenkin, 1970; Beilin, 2007). The study area forms part
of the western section of the Strzelecki Ranges in the Strzelecki
West Biodiversity Landscape zone. An estimated 600 people live
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Fig. 1. The three countries, Australia, Portugal and Sweden, and the location of the respective study areas.
on independent holdings in the census area known as Poowong
State Suburb (ABS, 2006).
Castro Laboreiro, Portugal
The Portuguese case study is located in the parish of Castro
Laboreiro in the Peneda Mountain Range, in the north of the coun-
try (Fig. 1). The parish covers approximately 9440 hectares with
elevation ranging from 300 m to 1340 m.  Located at the transition
between the Mediterranean and Atlantic biogeographic zones, the
region has a temperate Mediterranean climate, characterized by
temperatures varying between an average daily minimum of 0–3 ◦C
in the winter months and an average daily maximum of 22.5 ◦C in
the summer months. Precipitation exceeds 2000 mm per year, with
relatively dry summers. The geology of the area reveals a strong
presence of granite and quartzite, with thin and non-existent soils
in the steepest slopes, whereas pluvial action formed deep soils
in the valleys, nowadays intensively altered in their characteristics
due to long human activity (ICN, 1995). The parish is in the Peneda-
Gerês National Park and is part of the Natura 2000, the European
Union protected area network. Over the last 50 years the popula-
tion in mountain regions of Portugal has declined significantly and
steadily (Pereira et al., 2005; Aguiar et al., 2009), and today Castro
Laboreiro is inhabited by about 540 residents (INE, 2011). The rig-
orous winter and the orography of the parish led to the seasonal
migration from summer villages (brandas) in the plateau to winter
villages (inverneiras) in the valley. The parish consists of 15 bran-
das, 18 inverneiras and 8 fixed villages. The traditional migration of
the local residents has steadily decreased since the early 1980s and
now occurs only in a couple of villages. Farmers receive subsidies
to maintain traditional farming and pastoral activities.
Hållnäs, Sweden
The Swedish study area (Hållnäs) is a peninsula in Southern
Bothnian, situated in south-central Sweden in Uppland County
(Fig. 1). The size of the parish is 25,000 ha. Hållnäs is located in
an area affected by isostatic land-uplift (0.6 m/100 years), implying
significant environmental changes in a relatively short time span.
Currently the study area is within a range of 10–25 m above the sea
level. In spite of the high northern latitude of Sweden, the climate
can be classified as warm summer, with July being the warmest
month (average maximum temperature of 21 ◦C), and January the
coldest (with an average minimum of −8 ◦C), with freezing spells
over consecutive days. Rainfall is higher during the summer months
of the year (up to 60 mm/day), while less abundant in winter (up to
25 mm/day), averaging around 530 mm annually. Soils are nutrient
poor, and cover a subsoil rich in calcium carbonate and bases. Natu-
ral values on the peninsula are to a large extent related to the uplift
process. There are fourteen Natura 2000 areas and seven nature
reserves encompassing shores, wetlands and coniferous forests on
lime-rich soils (Naturvårdsverket, 2012). A large amount of the
semi-natural pastures are acknowledged for their high biodiver-
sity and receive subsidies to maintain traditional management. The
mixed landscape is of interest for ecological protection because of
the mosaic structure formed by forest, marsh and agricultural use
(Tierps kommun, 1991). There are 1200 inhabitants in Hållnäs and
approximately 70 agricultural enterprises (Tierps kommun, 1991).
Methods
In each country ecological and social data was  collected and
analysed, initially by country and then in comparative tables and
texts. In the first stage, plant diversity data was  gathered for the
three study sites (section “Comparison of vegetation data”). Sec-
ondly, land cover change maps were generated for three key dates
in the landscape evolution process (section “Mapping land use
change”). Finally semi-structured interviews were conducted with
the farmers and landholders managing the landscape to collect
their landscape stories, gather their views on land use or aban-
donment, understand how they manage their businesses and how
they plan to develop their activities in the future (section “Social
data: interviews”). The results for each stage were integrated and
discussed among the project researchers in a seminar (2010) to cre-
ate a matrix synthesizing the main outcomes and identifying the
social and environmental drivers involved (section “Integration of
data and production of results”).
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Comparison of vegetation data
To get a general understanding of how different land uses
have affected flora in the different countries, we  compared ear-
lier published data on plant diversity from each study site. Because
of different historical and current agricultural management tra-
ditions, a perfect match between the land cover/use between
countries was not possible. However, we were able to compare the
different land covers in terms of the gradient in land use intensity
and abandonment of the agricultural use. In Australia, the three key
vegetation types of interest were the remnant temperate rainfor-
est (mixture of wet and dry coastal forest types, severely reduced
in cover, but considered to have a high value for biodiversity),
revegetation (newly established vegetation through planting local
indigenous only species), and fields (the cleared landscape, usu-
ally grazed and locally denominated paddocks) (cf. Munro et al.,
2009). In Portugal, the land uses were agricultural fields (mostly
semi-natural pastures and hay fields, but also some crop fields),
scrubland and oak forest fragments (cf. Proenc¸ a and Pereira, 2013).
In Sweden, the key land uses were categorized as field, wooded pas-
ture (grazed semi-natural pastures) and coniferous forests (mixed
coniferous and deciduous forests used in low intensity forestry) (cf.
Lindborg et al., 2008). The number of plant species in each study
site is given only as reference, as the field sampling method used
to measure species diversity differed between sites. However, the
proportion of species occurring in each habitat is informative as
well as the proportion of native and exotic plant species.
Mapping land use change
To estimate land use change over time, land use maps were cre-
ated for each of the three study sites. Three distinct time periods
were analysed in the geographic information system ArcMap v.9.1
(ESRI, 2005). The dates were chosen to illustrate key periods in the
history of landscape use in each country, and to correlate with the
availability of data. In each time period the major land covers were
identified, mapped and the area was calculated. These data were
then used to build land cover transition matrices for each site.
In the Australian study site (Poowong), pre-European (1840s)
vegetation extent was presumed to be 100% cover (KDHS, 1998).
Vegetation clearance peaked in approximately 1970, with some
revegetation since that time. Revegetation and remnant vegetation
were mapped from government department sourced aerial photog-
raphy. Proportions of different vegetation types in the landscape
could be determined for 1970 and 2006.
In both Portugal and Sweden all three time periods used were
based on maps and aerial photographs from the last 60 years. In
Castro Laboreiro, Portugal, landscape characterization was made
through field reconnaissance and photo interpretation for the years
1960, 1990 and 2007 (Rodrigues, 2010). A regressive updating tech-
nique was used for the interpretation of the changes in the land use
(Bender et al., 2005). The three time layers for the Swedish study
case Hållnäs were from 1959, 1979 and 2010. The current and his-
torical land use in Hållnäs was documented through cadastral maps
analysing both the current landscape and the landscape from 1950
and 1970.
Social data: interviews
We  carried out 1–2 h semi-structured interviews. The contents
varied across study sites according to the interests of each research
team, but a common set of questions was agreed to provide a com-
mon  basis for the research presented here. This shared section of the
interview inquired about social data across three time zones: 1950s
to the present; the present (which was 2010/11); and 2010–2030.
Questions regarded socio-economic and demographic data,
including quality of life; determining the reasons for present culti-
vation or the discontinuation of agricultural activity and changes to
subsistence/production strategies; perception of landscape change
in the last 50 years and services provided by agro-ecosystems; and
future perspectives.
Australia
Eleven rural properties from the research area were visited with
18 landholders responding the interviews as individuals, family
groups or in partnerships. Ten females and eight males between
30+ and 80+ years participated. Landholders were recruited from
a local community-based natural resource management orga-
nization (e.g. Landcare) and a community activist association
using non-probability convenience and opportunistic sampling.
The average size hill farm was 106 ha, which is smaller than the
average plains-based South Gippsland dairy farm (138 ha) and
northern Victorian dairy farm (160 ha). Some farms have consol-
idated to grow larger; and this expansion is not necessarily as one
single property but rather a series of land titles that are owned or
leased around the district, operating as one agribusiness. The vast
majority of rural properties were considered farms with only one
person viewing their land as a rural residential property, whether
or not they derived their main income from the ‘farm’. Three inter-
viewees did not classify themselves as farmers and were either
retired or employed in non-farming work. All the interviewees
resided in Farming Zones as designated in local planning schemes.
Portugal
After a primary informant provided a list of potential respon-
dents, twenty-seven interviews were undertaken. The respondents
consisted of 8 men  and 19 woman, average age 59 (about 62% of
the resident population are women according to the 2011 census).
Nearly all of the respondents have resided in Castro Laboreiro for
50 years or more. More than half of the respondents were full time
farmers, a third were retired farmers, of which one in three still
maintains some type of agricultural activity (often for leisure) and
a few of them were part-time farmers with a secondary job. About
half of the sample own less than 4 ha of land, and each owner has
land scattered across a number of properties (4–6 fields) with an
average field size of 0.4–0.8 ha. Of the total sample, almost a half of
the households consisted of only 1 person and none of the house-
holds had children working in the area. Only 3 respondents were
considered large-scale farmers, based on the number of livestock
(>50 head of cattle). All respondents were landowners, and only a
small fraction additionally rent or work neighbouring private land
for free, although most use common land. Income from farming
is mainly derived from subsidies for livestock and for maintaining
pastures clear of scrubland. None of the respondents acknowledged
monetary return from cultivating their land. (Production is for sub-
sistence only.)
Sweden
Nine interviews with small-scale land owners were conducted
within the selected study area on Hållnäs peninsula. Farmers were
selected from a list compiled by the Swedish Board of Agricul-
ture. The participants are primarily men  around 50 years, except
one man  around 90 years and one female around 50 years. Dur-
ing three of the interviews other family members such as a partner
and children were present in the discussion. The size of the prop-
erties varied between 5 and 30 hectares of farmland. Land use
and farming practices are small scale livestock keeping and hay
or ensilage production. These are the typical agricultural activities
in the area. Of the nine interviews, a majority of five farmers were
leisure or hobby farmers, three were retired and one was  a fulltime
farmer. Most of the adult inhabitants, including the active farmers,
are today working outside the parish or are pensioners. Income
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Fig. 2. Methodological framework of the generation and integration of results.
possibilities in conurbations nearby (Skärplinge 10 km)  and infra-
structure for commuting determines some possibilities for those
living and farming in Hållnäs. Some families left Hållnäs completely
due to the low income possibilities, although the agricultural tra-
dition and place attachment mean some of the families stay and
continue with small-scale farming. Today a number of the inhabi-
tants still have their old hereditary estate and keep the nearest area
around the house open with help of sheep or horses but get their
main income from districts around Hållnäs.
Integration of data and production of results
A synthesis of the methodological framework can be seen in
Fig. 2. The combination of the three types of gathered data (plant
diversity, land cover change and social data) was undertaken in a
step-wise process of integration. First, the plant diversity inven-
tories were analysed and organized to produce three clusters or
types of habitat. This allows for a comparison among the different
countries, identifying through them various degrees of agricul-
tural land abandonment in the present day, and their relative
importance for floristic diversity. The habitats that active agricul-
ture or abandoned activity produce on each site vary according
to the farming decisions and the local conditions (climate, soils,
etc.) at each of the sites. Secondly, the data from the plant inven-
tories was used to influence the design of land cover categories
identified through mapping land cover change. A quantitative anal-
ysis of land cover area for each date at each site provided an
understanding of the landscape dynamics that have taken place
in each spot over time. The comparison among the different study
areas facilitated the identification of similarities and differences
across trajectories and time frames. Finally, once the history of the
landscape had been understood, and its influence on biodiversity
estimated, the integration of the social data gathered from inter-
views was introduced into the framework, allowing the preparation
of a matrix (Table 2). This contained a list of the driving forces that
then explained the previous results. The drivers were categorized
into three descriptors: pressures, frictions and attractors (Bürgi
et al., 2004; Eiter and Potthoff, 2007; Slätmo, 2011). The categories
are based on how they affect the ALA locally. Therefore, the catego-
rization emphasizes the importance of context as the same factor
or process can have a different effect depending on the local land-
scape under study. The contents of the matrix and their ratings were
determined through the analysis of published historical accounts,
socioeconomic trends, government policies, public discourses and
community views captured in a variety of official documentation,
academic papers, web-based media of relevant organizations and
fieldwork interviews with landholders. The matrix was modified
during the Australian Workshop (2010) by all three case study
teams in a round table meeting. Each country team finalized their
individual matrices to reflect the drivers and weightings relative to
one another. The matrix distinguishes the strengths of the drivers
and the spatial scale at which they operate during two  time periods:
in the past (1950–2010) and in the future (2010–2030).
Results
Plant diversity patterns
The results emerging from the plant inventories are summa-
rized in Table 1. Sampling methods yielded the identification
of 139 plant species in the study site in Portugal whereas in
the study sites of Australia and Sweden, almost 250 species
were recorded in each. Almost 40% of the identified plants in
Australia, however, were exotic species, whereas none of the occur-
rences in Portugal or Sweden were classified as such. In Poowong,
most species of both native and non-native plants were found
in revegetation plantings with the lowest biodiversity found in
the heavily grazed fields. Castro Laboreiro and Hållnäs had the
highest plant species count in agricultural fields and in wooded
pastures, respectively. Most agricultural fields in Portugal are pas-
tures and hay fields; and, in contrast with Australia, semi-natural
pastures had the highest species diversity. Forests were particu-
larly diverse for plants in Sweden, although in Australia the native
plant diversity of forests was  also very significant (with 61% of
native species occurring in forested areas in Poowong). The least
plant rich habitat in Portugal was scrubland, while in Sweden it
was fields.
Land use change trajectories
Since the analysis of the land use change trajectories in the
Australia study site goes back to pre-European settlement dates,
the most dramatic changes to vegetation occur in this case (Fig. 3).
Poowong was covered by native vegetation over two hundred years
ago, and underwent an intense process of government sponsored
clearing. In this region Danish migrant farmers, returned Australian
soldiers and other white settlers entered the area from the mid
1870s–1940s (Hartnell, 1974). The peak of clearing was in the
1950s when mechanization assisted in finishing what handsaws
and deliberately lit clearing fires had begun. In the 1970s more than
90% of the land was agriculture, comprising introduced and con-
stantly managed pasture grasses (called ‘paddocks’). Even today,
only a marginal proportion of the natural vegetation remains and
is found along creeks, gullies and roadsides with small patches
R. Beilin et al. / Land Use Policy 36 (2014) 60– 72 65
Table 1
Comparison of plant diversity across the different habitats in each study site compiled from Munro et al. (2009), Lindborg et al. (2008) and Proenc¸ a and Pereira (2013).
Total number of species (nativea) Habitat Species (nativea) Percentage (nativea)
Australia 243 (147)
Temperate rainforest 119 (89) 49% (61%)
Revegetation 181 (99) 74% (67%)
Field/grazed field 69 (30) 28% (20%)
Portugal 139
Oak forest 76 54%
Scrubland 53 38%
Pasture/crop field 99 71%
Sweden 246
Coniferous forest 179 69%
Wooded pasture 203 82%
Field 112 43%
a All the species in the study sites in Portugal and Sweden are considered native.
located on private landholdings and in the few existing reserves.
Since the 1970s there is a noticeable but weak trend towards
decreasing agricultural land uses in this region, and the planting
of trees on a 3% cover of previous farmland. Considering that nat-
ural vegetation remains steady at 6% of the territory in modern
times, this represents a recent increase of 50% in the total forested
area over the last 40 years. The low population density leads to the
mere 1% of the study area occupied by settlements and other uses,
as recorded in Fig. 3.
What can be considered the most intensive type of agriculture
in each study case has been less prominent in the European sites
throughout this period of time, with less than a 20% occupation
by the mid-20th century on both study sites (18% in Castro Labor-
eiro, 12% in Hållnäs). Yet, these sites have experienced a strong
decrease in agricultural area during the last 60 years, with approx-
imately half of the former agricultural land use still in production.
In Portugal abandonment began in the mid-20th century and
continues to occur (Rodrigues, 2010; Lima, 1996). The characteris-
tically small agricultural fields for pasture or production of rye and
potatoes have partly been replaced by scrubland but also, to a minor
extent, by Galicio-Portuguese oak forest. This dynamic has allowed
scrubland to dominate in the landscape in terms of surface, shifting
from a 66% occupation in 1960 to almost 75% nowadays, whereas
oak forest has sustained a fairly constant cover over this time period
(15–17%). Most of the scrubland on the higher parts of the plateau
is still a commons managed by the community to pasture livestock,
gather fuel wood, collect plants, and other uses.
In contrast, Sweden has had a decrease both in field and wooded
pasture presence as abandonment began at the start of the 20th
century, peaking in the 1920s, and by the 1950s the amount of
agricultural land had decreased significantly (Ihse, 1995). New wet-
lands have been established on former wooded pasture areas. As
illustrated there is a 6% increase in the category that includes build-
ings and ‘other uses’ (e.g. ‘wetlands’) between 1950 and present
time. Forests start to increase their dominance as a land cover from
1950s onwards. Coniferous forest has also increased in the land-
scape (79% in 2010) due to processes of afforestation on former
agricultural land.
Fig. 3. Trajectories of land use change at each site. Inside or next to each shape is the proportion of land classified in that land use class. Numbers next to the arrows note
the  percentage of land moving between two  different classes in a given time period.
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The socio-economical landscape
Interview data provided context for the quantitative findings,
in particular clarifying how the socio-economic systems operate at
each site.
As a social phenomenon, ALA is least common in Australia,
where farmers in the Poowong study area still rely on the long-
running activity of dairy farming as a main source of income.
Despite a dramatic reduction in the number of businesses in the
area during the last three decades of the 20th century (ABS, 1998),
the community is still dependant on dairy farming enterprises
which are supported by continuing investment in export oriented
dairy processing in the region. However, the interviews identified
a number of factors currently affecting and transforming this situ-
ation: climate change, increasing costs in agricultural inputs, land
degradation and volatile milk prices in domestic and global mar-
kets. These are creating a fragile operating environment for 21st
century dairy farmers. In addition, the ageing of current family
farm managers, and a lack of family succession in these agribusi-
nesses, brings the longer term viability of dairying into question.
Funding to assist in addressing common natural resource manage-
ment issues has come from both State and Federal sources over the
years and is currently associated with private landowner manage-
ment of watersheds/catchments and conservation on individual’s
land (e.g. market-based instruments such as EcoTender). This par-
allels similar activities for group extension services and community
organizations (e.g. Landcare, Greening Australia, Trees on Farms).
In the Portuguese case, changes in the social arena have been
coupled with the changes observed in the land cover change
analysis. Key influences on the abandonment dynamics include
high rates of migration out of rural areas after World War  II to
secure employment, state policies appropriating common land for
afforestation, and Portugal’s entrance into the European Union.
These increased pressure on local farming enterprises to com-
pete with farms operating at greater economies of scale. ALA is
mostly perceived in areas which are characterized by biophysical
constraints such as poor soils, steep slopes, harsh climate and iso-
lation. (Castro Laboreiro is located 100 km and extremely winding
roads away from the nearest city, Braga.) The traditional mountain
farming systems are now facing a collapse. As a consequence of
increased agricultural abandonment, scrubland and forest (Galicio-
Portuguese oak forest) have increased, and the particular increase
of highly flammable shrub areas has escalated the risks of fire occur-
rence (Moreira et al., 2001b). The main forms of income in the
parish are retirement pensions, subsidies for agro-pastoral activ-
ities, and most recently, tourism (e.g. lodging and restaurants).
Castro Laboreiro is a European Union Less Favoured Area (an area
where agricultural production or activity is more difficult because
of natural handicaps), and therefore farmers benefit from spe-
cial subsidies. Furthermore, the landscape mosaic is classed as
being of high nature value farmland and farmers can benefit from
agri-environmental payments aimed at maintaining such habitats.
Meanwhile, the potential benefits of oak forest regeneration to bio-
diversity and local ecosystem services are not acknowledged by the
current policies, which are mainly focused on the prevention of ALA.
Biophysical conditions have had an influence on the human
activities in the Swedish case area and their viability over time.
Agriculture has low productivity here and living solely on farm-
ing has traditionally been difficult due to harsh climate, poor soils
and small parcels. Farming activities have declined since the 1950s
and today, primarily livestock keeping and hay production remain.
The majority of the population does not have a working farm and
those who have are mainly ‘leisure farmers’, keeping the land open
while working outside the parish for an income. This situation
indicates that the landowners in Hållnäs have other motives for
decisions about land use than landowners who survive on farming.
Challenges for the future of agricultural activity in Hållnäs relate
to the surplus of agricultural land, from a European Union per-
spective; while small units and relatively poor soil quality make
it difficult to develop economically viable agricultural businesses
in the parish. This makes alternative working opportunities crucial
for continued farming. Workplaces within commuting distance are
therefore essential in order to keep active the small-scale farming
lifestyle as a part-time or hobby activity. On the other hand, sub-
sidies are aiding small farm units, opportunities arise in the field
of summer tourism and leisure residents are believed to positively
influence the future sustainability of the community, culminating
in the preference for a mosaic landscape (Stenseke, 2009).
Drivers of land use change
The drivers that have been identified for ALA for the various
areas were then categorized into pressures, frictions and attractors
(Table 2). Triggers for ALA (for example, the post WWII  reconstruc-
tion that led to a rural exodus from Castro Laboreiro, before the
timeline of this study) undoubtedly manifest as pressures or fric-
tions within other time frames (as apparent in the ongoing decline
in population).
Ongoing pressures from global market forces have been impor-
tant in all three study sites, emphasizing the impact of international
scale on local outcomes. The three areas are somewhat aligned with
regard to historical pressures related to the expansion of state-
owned forestry and a sense of remoteness, driven mainly at the
local level. Remoteness, surprisingly, does not seem equally corre-
lated with a relative decline of infrastructural accessibility, or the
relative decline of working opportunities, or a diminishing level
of public and commercial service for the three study areas. These
factors are only important for future agricultural land use in Cas-
tro Laboreiro and Hållnäs. In Poowong pressures of reforestation
and a sense of remoteness have historically had some influence on
land use change dynamics locally, but these will be less relevant
in the future as the area experiences the influence of urbanization
pressures from an expanding metropolitan population. In contrast,
in Castro Laboreiro and Hållnäs re-afforestation and remoteness
have and are contributing significantly to ALA. Nature conservation
regulations promoted at the local level are gaining momentum in
Australia, but they remain a pressure for agricultural land aban-
donment in the Portuguese case study and less prominently in the
Swedish case. It is also important to note that some pressures inter-
act, creating positive feedback. For instance, the relative decline
of working opportunities leads to out-migration which leads to a
diminishing level of public and commercial service which in turns
leads to further migration and further decreases in the level of
public and commercial services (Figueiredo and Pereira, 2011).
In the past, frictions preventing the abandonment of agricultural
land have appeared or have been put in place in the three study
areas, mainly from the national level, but some of them are increas-
ingly coming from the local governments and communities. In the
future, however, the general trend indicates that there will be an
increase in the influence of such driving forces, but not in relation to
community cohesiveness and farming identity among land owners
(i.e. the degree to which citizens are committed to the prosperity of
the community and to which land owners are committed to ongo-
ing farming). These latter are expected to act less as a friction to ALA
in Portugal and Sweden, but is likely to remain an important social
driver in Australia. State and regional campaigns for rural devel-
opment will also be important local frictions in Australia, whereas
in Europe though equally determining, emanate from the national
level. Official funding and subsidies for land management, tourism
and second home owners represent more obvious differences, as
frictions within the study areas. Their influence has been and will
be limited in the Australian case. They have been important drivers
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Table 2
Drivers of land use change identified in the study areas along two  time periods (past: 1950–2010, future: 2010–2030). More influential drivers are given a higher number
of  + (from 1 to 3) and 0 for nil influence, whereas the scale of their influence is divided into three levels according to the classification: I = international, N = national, and
L  = local.









Past Future Past Future Past Future
Pressures to abandon agricultural
practices on the land
Market driven changes in economic conditions for farming + I ++ I ++ I +++ I +++I/L + I/L
Expansion of forest land owned by companies/state ++ L + L ++ N 0 L/N ++ L + L
Diminishing level of public and commercial service 0 0 ++ L ++ L + L ++ L
Relative decline of working opportunities + L 0 +++L +++ L +++ L ++ L
Relative decline of infrastructural accessibility + L 0 ++ L + L ++ L +++ L
Increased nature conservation regulations 0 ++ L + N + N ++ N + N
Feeling of continuing remoteness ++ L + L ++ L ++ L + L + L
Frictions to abandon agricultural
practices on land
Cohesiveness and the farming identity among land owners ++ L ++ L +++L + L ++ L + L
Official funding and subsidies for land management + N + N ++ N +++ N ++ N +++ N
State  campaigns for rural development ++ L ++ L + N ++ N + N ++ N
Tourism and secondary home owners 0 + N/L +N/L  ++ N/L + N/L +++N/L
Appreciation of natural and cultural values + L ++ N/L + N ++ N + N ++ N
Attractors for abandonment of
agricultural practices on the land
Physical conditions for cultivating 0 0 +++L +++ L +++ L + L
Physical conditions for livestock keeping + L 0 +++L ++ L + L 0
in the past in the Portuguese and Swedish areas. Further, they are
expected to play an even more prominent role there in preventing
ALA in the future.
Attractors for abandonment include the physical conditions
in the Swedish and the Portuguese cases areas, which are less
favourable, and that has underpinned their abandonment. In north-
ern Portugal, this is likely to continue, while in Hållnäs, the
development has gone so far, that the remaining lands are now,
in the main, managed by leisure farmers, and there are therefore,
other motives than that of economic revenues keeping them in agri-
cultural practice for the future. In Poowong, there are currently
favourable climatic and soil conditions for commercial cattle graz-
ing (understood as a complementary use to dairying); therefore,
the biophysical conditions are not expected to attract considerable
ALA.
Discussion
Comparison of the three study cases
Comparative studies offer the opportunity to analyse similar-
ities and differences between study areas (George and Bennett,
2005). The integrative results provide a global connectivity; con-
textualizing the findings in an interesting and more useful way  than
would be the case if they had remained within the boundaries of
their own disciplines (Redman et al., 2004). In this case, there is
opportunity to compare landscape trajectories in three areas that,
due to their diverse biophysical features, but not least due to their
particular socioeconomic and cultural environments, have under-
gone substantially different transformations over time. Swedish
and Portuguese agricultural landscapes have been cultivated over
a much longer time than the Australian landscapes (see section
“Land use change trajectories”; Meeus et al., 1990; Powell, 1996).
This is clearly noticeable when dynamics of agricultural land aban-
donment are contrasted. Whereas the proportions of land uses in
the landscape in the European study cases seem relatively stable
over the period of time for which data has been recorded, dramatic
land use change has occurred in the Australian case study over a
somewhat longer period of time, despite a shorter period of cultiva-
tion overall. The rural areas of Castro Laboreiro and Hållnäs are the
result of a much longer history of profound agricultural landscape
management.
In Europe social drivers have played an important role in stimu-
lating modifications to these landscapes. A number of local decision
factors need to be considered as farmers (as the main stakeholders
responsible for the modification of the agricultural landscape) orga-
nize land management. Albeit to very different degrees, all three
study areas have attracted some abandonment of cultivation or
livestock keeping due to challenging physical conditions. In the
last 60 years, factors like the sense of remoteness or the decline
of infrastructural accessibility and working opportunities associ-
ated with their peripheral locations have pressed many farmers to
give up farming, abandoning their cultivation or grazing. Finally,
frictions coming from the local or the national level such as those
associated with maintaining or stimulating cohesiveness and the
farming identity among land owners through direct or indirect
state campaigns for rural development (sometimes coupled with
official funding or subsidies) have attempted to counter ALA. In
effect, mainly in Europe, attention has turned to emphasizing an
appreciation of natural and cultural values across the case sites.
The development of conservation values across formerly produc-
tion landscapes has played a part in preventing some abandonment,
or at least diminishing its prominence, due to subsidies, land stew-
ardship programs, and agri-tourism initiatives.
In Table 2 we  have synthesized the driving forces of agricultural
land use change, offering an estimation of their relative impor-
tance towards land use change and noticing the scale at which
they occur. When these results are compared to the landscape tra-
jectories presented in the section “Land use change trajectories”,
a correlation between the intensity of land use change in the last
decades and the relative importance of the driving forces becomes
apparent. In the last 40 years, only a 3% of agricultural land has
reverted to forested areas in Poowong (mostly framed as being inte-
grated into the farming system/lifestyle of the property), whereas
in a slightly longer period of time, the changes indicating ALA in
Castro Laboreiro and Hållnäs account for approximately 10% in
absolute terms. In this same time scale, pressures and attractors
of abandonment have been deemed to be of much less impor-
tance in the Australian case study, whereas the matrix reveals a
much stronger effect of such drivers in the Swedish and Portuguese
sites. Again, physical conditions play a role in determining such
dynamics. Poowong offers the most suitable biophysical conditions
for farming; but most of its drivers are social in origin. Excluding
market driven changes in economic conditions for farming, which
affect the three study sites with similar intensity as WTO  members,
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yet with different effects (Dibden et al., 2009; Hamblin, 2009), all
other pressures have been stronger in Europe. Furthermore, both
isolation (relative to local markets, access to infrastructure and
services) and ageing demographics are also more of an issue in
Sweden and especially in Portugal than they are in the Australian
case. Nonetheless, if the differences in the mapped trends of ALA
are not even more marked, this might be due to the fact that fric-
tions preventing the abandonment of agricultural practices have
also been stronger in the European sites than they have been in
Oceania. This might be related to the fact that in the Swedish and
Portuguese case studies, a multifunctional rural transition has pro-
vided an increased balance between the economic, the social and
the environmental capital, resulting in what Wilson (2010) char-
acterizes as a strong multifunctionality leading to a reinforcement
of the resilience of these local communities in a post-productivist
era. The multi-functionality of mosaic rural landscapes made of
cropping fields or semi-natural grasslands, hedgerows or patches
of trees and masses of tree cover has set the basis for national
support plans and subsidies, state campaigns for rural develop-
ment and an increased appreciation and interest in preserving and
enjoying their recreational values. This is evidenced by Swedish
farmers, albeit uneconomically, who keep managing their lands for
their aesthetic value, or when the heirs of emigrants from Castro
Laboreiro locate their second home in the parish, or with the emer-
gence of agri-tourism in these same areas (Granvik et al., 2012).
By contrast, in Australia there have been several State Govern-
ment attempts to support farmers to abandon agriculture on the
initially cleared eastern slopes of the Strzelecki Bioregion for tree
plantations, and afforestation has been promoted in the pursuit
of environmental enhancements such as erosion prevention and
hydrology management (Cary and Roberts, 2011). Even if their suc-
cess has been limited (only a 3% of the land has changed use from
agriculture to trees in 40 years), it contributes to biodiversity con-
servation as it matures. Therefore, the landscape in the Australian
case study exhibits a rather weak multifunctionality, in which com-
modity farming, called ‘productivist agriculture’ by Holmes (2006),
and simply, ‘production’ landscapes by Barr (2005), dominate social
and environmental concerns.
Integrating ecological and sociological data
By integrating sociological data with plant inventories gener-
ated in the study areas we are able to link some of the processes
occurring on the landscape and related to agricultural land aban-
donment with the impacts that these dynamics might have on
biodiversity. The climate and geomorphologic conditions, however,
differ between areas hence it is difficult to draw strong conclusions
based on the observed differences in the richness and diversity of
plant species among study sites. However, within sites, changes
associated with altered management can be examined. Interme-
diate intensified agriculture often holds the highest biodiversity
compared to highly intensified or abandoned areas (Tscharntke
et al., 2005). Difference within countries shows that manage-
ment intensity partly explains differences in species richness as
‘field’ in Portugal and ‘wooded pasture’ in Sweden (both represent-
ing intermediate intensity) had the highest richness compared to
revegetated areas in Australia. Specific for the Australian case is the
distinction between native and exotic plants, where the longer his-
tory of landscape transformation occurring in the European study
sites has made this distinction much more difficult for the natural
sciences (Kornasˇ,  1990). Much of the Australian biodiversity, and
even more so the native one, is recorded in the remnants of origi-
nal forests (89 out of 147 native species are present). Even if such
remnants account for only 6% of the study area, these figures prove
how valuable these patches are for the conservation of native flora.
Land abandonment processes in Portugal and Sweden are further
strengthening the presence of land uses that are already dominant
in the landscape, as scrubland in Castro Laboreiro (74% in 2007) and
coniferous forest in Hållnäs (79% in 2010). This diminishes diversity
in the landscape, and is detrimental to plant species which occur in
agricultural fields and pastures.
The distinction of the situation in Australia and the situa-
tion in Portugal and Sweden leads to an important observation.
In the European case studies, social forces are driving the land-
scape towards land abandonment processes that by reducing its
diversity of uses are diminishing its potential value for biodi-
versity associated with high-natural value farmland. In Australia,
factors facilitating further abandonment of fields and promoting
their transition towards the creation of forested habitat would
increase opportunities for species to establish themselves in the
rural landscape. Thus, current ecological communities would be
strengthened by not only increasing the total habitat availability
but also through an improvement of its overall connectivity (Fahrig
et al., 2011). The policies in Portugal and Sweden are transitioning
their rural landscapes from just agricultural production systems
to multifunctional systems. Even if their attractors for ALA are
stronger than in Australia and their pressures to abandon land are
deemed more influential, prominent frictions exist or have been put
in place at the local or national levels to prevent such undesirable
change, with support from most of these communities (Renwick
et al., 2013). By contrast, in Australia, where a certain degree of
ALA would be beneficial for biodiversity if adequately managed,
pressures and attractors are less influential, and some frictions, ori-
entated towards sustaining the intensification of agricultural land
uses to ultimately increase commercial productivity, are preven-
ting this change from taking place. This makes farming activity in
Australia very dependent on its capacity to produce food to satisfy
exports markets; and at the same time prevents indigenous species
from inhabiting larger, less fragmented habitat, reducing the func-
tional resilience of both entities to eventual changes. In Europe,
due to a somewhat larger equity of land uses in the landscape and
especially due to a number of frictions preventing sudden ALA from
occurring, the stability of the traditional agricultural landscape and
hence the resilience of the species, populations and communities
inhabiting it, is increased. Yet, long term processes of ALA, and
the threats they pose on biodiversity, have not been completely
prevented either in Sweden or Portugal.
A scalar analysis of these dynamics also provides some inter-
esting insights to explain the substantially different outcomes in
relatively similar study areas. In fact, one could argue that, follow-
ing a conception of scale based on size considerations only, and
operating as pre-given nested hierarchical levels, the three study
areas and the processes taking place in them look very similar
indeed (Jonas, 2006). In this sense, each covers a similar size of
territory, produces a similar type of commodity for which global
demand and markets exist, is regulated according to the policies
of a state, and is managed at the local level by a group of strug-
gling farmers who  see how their average age increases while the
number of viable farm businesses decreases. This description fits
comfortably with the germinal framework envisaged by Taylor
(1982), building on Wallerstein’s world systems theory, character-
ized by the presence of a global scale at which the world economy
operates, a nation state scale at which ideology is expressed and,
finally, a local scale where daily experience happens and individuals
can feel the consequences of arrangements coming from the supe-
rior scales. For a long time, this three-level framework has heavily
influenced the widespread vision that the important decisions on
higher levels in the hierarchy are the ones with higher causal power
to explain processes observed at the lower level (Marston et al.,
2005). Furthermore, it has contributed to the conception of a dual-
ity between a global level which imposes its preferences – usually
of an economical nature – and a local level which receives its
R. Beilin et al. / Land Use Policy 36 (2014) 60– 72 69
negative consequences and therefore struggles to resist and to fight
them (Howitt, 2003).
Table 2, where for practical reasons we have adopted the sim-
plified view of three levels of organization influencing farmers’
decisions, indicates differences coming not only from the differ-
ent biophysical realities of the landscape in which each group of
farmers operate, but also from their reaction to – or perception
of – similar, if not virtually identical, drivers. After all, conceiv-
ing scale from a constructivist approach, in which relationships
between social groups, and not size, define the different levels, the
interpretation of our findings changes dramatically (Swyngedouw,
1997; Moore, 2008). Under this scope, and observing the align-
ment between the behaviours and perceptions of Poowong farmers
and export markets demands for competitive production, it is clear
that relationships in the Australian case study operate, mostly,
at a global level. Even if other attractors, pressures and frictions
appear in our model, the global scale at which these farmers operate
seems highly influential in explaining the dynamics that have been
observed in the landscape, its land use changes and the problems
that, ultimately, entail for some species, habitats and soils. In this
case, there is a strong connection between the global and the local,
with the latter significantly contributing to build the former, as well
as subject to its influence (Massey, 1994). Global markets also push
farmers in European agricultural areas to be competitive in terms
of production or otherwise to cease their activity and abandon
the land. Moreover, local specificities like remoteness or poor soils
add further pressure for ALA in the study areas of Castro Laboreiro
and Hållnäs. The frictions that the European Union, the respective
states and the cultural traditions of the interviewees have put in
place, however, substantially change the relationship that farmers
in these local areas have with other scales and groups. Subsidies
and lifestyle tradition act as economic and cultural firewalls not
just against some global drivers, but to local constraints too. At
the same time, these farmers are more connected to other social
groups, providing a preferred landscape for aesthetics, tourism and
second homes (which one could argue to be global trends, in the
global North at least). Ultimately, their multifunctional response
and their landscapes, showcases more complex scalar links than
that of their Australian counterparts. Therefore, it is much more
difficult to provide a label for the scale at which farmers in Cas-
tro Laboreiro and Hållnäs operate, even if, in terms of constructed
relationships, it is clearly closer to the local level than that of
farmers in Poowong. In the European sites, when analysing ALA
and its impacts on the landscape and biodiversity over time, the
identification of local (and regional) scales as a level of resistance
against global forces remains, explaining some of the local land use
change dynamics observed. Such scalar considerations and differ-
ences need to be taken into account if policies regarding ALA and
its drivers are to be implemented and successful management is to
be achieved in the future.
A look into the future
Driving forces steering agricultural land use change in the three
study areas are not expected to change substantially during the next
20 years. Nonetheless, our results offer some interesting insights
into the socio-economic dynamics expected in the respective land-
scapes.
Pressures to abandon agricultural practices on the Australian
land will tend to increase due to both further competitiveness
demands from global markets that will make some businesses unvi-
able and regulations for nature conservation. On the other hand,
however, the relative proximity of the Poowong study area to the
metropolitan area of Melbourne is likely to affirm pressures related
to spatial isolation easing, as the expansion of the city leads to
commuters seeking cheaper housing ex-Melbourne. This provides
opportunities for the development of stronger local markets, would
reduce the sense of remoteness, increase infrastructural accessibil-
ity and offer more working opportunities. Isolation and remoteness
are factors expected to keep driving ALA in Hållnäs and Castro
Laboreiro, as their location will continue to hinder working oppor-
tunities, infrastructural development and service provision. New
communication technologies can reduce virtual distances to larger
cities in the future. This effect, valid for Australia and Sweden, will
be limited in the short term in Portugal due to a somewhat older
population, less prone to adaptation to new technologies.
Frictions to abandon agricultural activity are generally expected
to increase in future years, mainly due to the development of
alternatives other than farming, such as tourism, second homes,
or simply the provision of funds and subsidies for land manage-
ment. Such a change, however, will also be associated in Hållnäs
and Castro Laboreiro with a loss in the cohesiveness and farming
identity among land owners, a factor that, until now, has played an
important role in resisting further agricultural activity decreases
and land abandonment. Attractors for abandonment of agricultural
practices will remain stable in Australia, but will generally diminish
in Portugal and Sweden, as it is expected that, after experiencing
processes of ALA for long periods of time, lands remaining culti-
vated and grazed will already be the most valuable ones, yield-wise
or for their provision of ecological services and scenic views.
The effects of the described changes of social drivers over the
agricultural landscapes indicate that no dramatic changes are to
be expected in the proportions of land uses in the Poowong study
area. Scenarios for Portugal and Sweden are much more uncertain,
since, resistance to land abandonment posed by reinforced frictions
and weakened attractors are to be confronted by some mount-
ing pressures, while others are expected to become less dominant.
Even if weakly, the overall balance would indicate that ALA in
the European sites is likely to recede in the next twenty years,
so even if further abandonment can still be envisaged, the trend
points towards a stabilization. Should this happen, the proportions
of forests, pastures and fields in the study areas of Hållnäs and Cas-
tro Laboreiro would not be significantly different from present day.
The existence of feedback loops renders the dynamics of ALA harder
to reverse as well.
Despite the different characteristics of the study areas and
changes in the social drivers that are commanding the process of
ALA with various degrees of intensity and different time scales in
the respective study areas, the stabilization.of agricultural land use
area would bring little implications for biodiversity. However, just
small modifications in some of the dynamics, such as ALA even-
tually gaining a little momentum in Australia could open a new
window to increase forested land cover and with it significantly
increase the availability of habitat for multiple species of flora
and fauna, while increasing the resilience of the natural system.
Additionally, the restoration of tree cover on some of the steepest
slopes currently cleared for dairy farming, would limit environmen-
tal problems such as tunnel and gully erosion or water pollution.
Further ALA in Sweden or Portugal could have exactly the opposite
effect, since the traditional agricultural land uses already remain
in relatively small proportions, and natural succession would bring
forth more homogenous forest cover, threatening the provision of
some ecosystem and cultural services that these landscapes satisfy.
Rewilding, while contested, promotes the reintroduction of large
herbivores and is another approach to maintaining open landscapes
associated with biodiversity (Navarro and Pereira, 2012).
Policies implemented in the latest years have impacted ALA
dynamics in each of the three study areas. In industrialized Euro-
pean countries, the restructuring of the agricultural sector has
generated ‘uneven spatial consequences’ (Potter and Tilzey, 2005,
p. 595), creating a two pathway narrative where productivist agri-
cultural spaces are promoted at the same time as governments
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support a different version of the ‘consumption countryside’ (Potter
and Tilzey, 2005, p. 596). This approach is focused on multi-
functionality and promotion of Geographical Indications (GIs) – like
terroir – which act to protect ‘rural communities, farming systems
and landscapes against the full rigours of neo-liberalism’ (Dibden
et al., 2009, pp. 306–7). In the Australian case, government policies
to encourage ‘marginal’ farmers and landscapes out of production
have encountered complex social issues such that the poorest farm-
ers may  be too poor to be able to leave, or have too few options if
they do (Sysak, 2013). In general federal agri-environmental poli-
cies in Australia can be seen as WTO  compliant (Dibden et al., 2009)
even as the last five years have also witnessed a confused social
agenda in relation to drought and energy policy (Beilin et al., 2012).
On the other hand, the European Union seems to be firmly engaged
in promoting its current agenda for the foreseeable future, and it is
therefore expected that Castro Laboreiro and Hållnäs will be able to
rely on the stability of policies promoting their multi-functionality
(van Berkel and Verburg, 2011). This factor should help to avoid
further ALA in these European locations. The impact of future poli-
cies in Australia, however, is much less clear, despite the realization
that their impact could be much more dramatic. Not however, while
policy focuses the landscape is on production (Hamblin, 2009).
In considering landscape dynamics in the categorisation of driv-
ing forces, it is evident that very different measures could develop
in each study site, adapted to their specific goals and biophysical
characteristics. The outcomes can be obtained in a range of different
ways to increase or reduce pressures and frictions where desir-
able, acknowledging that increasing pressures (or just letting them
build up through inaction) will certainly lead to further ALA, while
the opposite holds true regarding frictions. No overarching influ-
ence can achieve such diverse results or deliver desirable outcomes
everywhere. Therefore, forces acting at the international scale, such
as global markets, are poorly suited to steer more complex changes
– e.g., multifunctionality – in Poowong, Castro Laboreiro and Håll-
näs. On the contrary, national and local scale actions, tailored to
suit each reality and set of expectations will be important.
Conclusion
Agricultural land abandonment is at one end of a continuum
of land use change that has transformed rural landscapes in the
study areas of Portugal and Sweden. It is at a much earlier stage
with potential to increase in the Australian case. The generation of
historical land use cartography and the analysis of the trajectories
of land cover change support this conclusion. We  have identified a
set of driving forces, classified into pressures, frictions and attrac-
tors that clarify why ALA, noting its temporal and spatial scales,
occurs differently in each study area. Pressures and attractors push-
ing for agricultural activity abandonment are stronger in Portugal
and Sweden than in Australia. Generally more (institutionalized)
frictions are in place in the European sites in order to prevent fur-
ther change. Across the countries, a strong feeling of cohesiveness
and farming identity has slowed further ALA. In the future other
influences might provide new opportunities for their management
(e.g. tourism, affordable living, ecological services or appreciation
of natural and cultural values). This shift is observed as underway in
Sweden, evolving in Portugal and nascent in Australia. These factors
have consequences for biodiversity.
Implications for biodiversity vary, as ALA is not per se a positive
or negative process. Social drivers can be aligned or misaligned to
steer landscape change in a desirable direction, to favour or through
an inadequate path, to reduce the endurance of both the farm-
ing system and the natural system. Planners and policy makers
can evaluate the current ALA situation in each area, assessing the
social drivers that determine its dynamics, redefining policy goals,
strategically aligning land use zoning to support agro-ecological
systems, introducing market-based instruments to support land
stewardship and setting a socially responsive agenda. We con-
clude that in Poowong, the stimulation of driving forces promoting
a well-managed abandonment of some cleared areas and their
transition towards the protection of remnant forest patches, the
plantation of new ones and the revegetation of networks would be
highly beneficial for Australian biodiversity, minimally disruptive
for current dairy farming operations and would bring opportuni-
ties for alternative types of rural development. In Portugal, ALA
tends to homogenize the landscape at the local level, decreasing the
abundance of species currently associated with high-natural value
farmland and grassland and increasing wildfire risks. Remoteness
and an ageing population are challenges to overcome if further
abandonment is to be avoided in Castro Laboreiro. In the future new
opportunities are emerging in Portugal regarding alternative uses
of the traditional agricultural landscape, making it desirable both
for human and floristic communities. A similar dynamic is occur-
ring in Hållnäs, Sweden, where ALA is already perceived as a threat
to biodiverse and socially responsive landscapes. Because of this,
there is a strong governmental support to preserve the ecological
value of the traditional landscape.
Finally, we  provide a reflection on the methods for integrating
a three country study among various disciplines to better under-
stand ALA. Aside from the practical variations associated with land
management regimes, diverse cultural expectations and historical
record keeping, was  the everyday reality of the same descriptive
words having different meaning in each country. For example, in
Portugal, ‘pasture’ is untended except by the animals, whereas in
Australia it is closely managed with seeding and fertilizing. As a
consequence of the complexity inherent in such international com-
parisons, we have benefitted from the integration of qualitative and
quantitative data. We  intend that others may  build on our presen-
tation of data to extend the ability of learning from and with each
other in ways that edify what seem to be particularly local issues
until connected to similar experiences elsewhere. As such, collab-
oration for interdisciplinary research is very much about finding
processes for transforming evidence into meaningful and useful
analysis.
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Species, Vernacular, Location,of,the,study, Ref.,
Abax(ater( (( (( 1(
Abida(polyodon( ( ( 2(
Allolobophora(multali( ( ( 2(
Aphaenogaster(subterranea( ( ( 3(
Camponotus(lateralis( ( ( 3(
Candidula(gigaxii( ( ( 2(
Chondrina(avenacea( ( ( 2(
Cochlostoma(septemspirale( ( ( 2(
Crematogaster(scutellaris( ( ( 3(
Dendrobaena(mammalis( ( ( 2(
Formica(gerardi(( ( ( 3(
Glomeris(marginata( Pill(milipede( ( 4(
Leptothorax(racovitzai( ( ( 3(
Lumbricus(castaneus( ( ( 2(
Pagodulina(pagodula( ( ( 2(
Plagiolepis(pygmaea( ( ( 3(
Pomatias(elegans( ( ( 2(
Porcellio(gallicus( ( ( 4(
Punctum(pygmaeum( ( ( 2(
Solatopupa(similis( ( ( 2(
Solenopsis(fugax( ( ( 3(
Steropus(madidus( ( ( 1(
Urticicola(glabellus( ( ( 2(
Vitrea(contracta( ( ( 2(
Xerosecta(cespitum( ( ( 2(
Zebrina(detrita( (( (( 2(!!!!!
,
B.,Aves,
Species( Vernacular( Location,of,the,study( Ref.(
Aegithalos(caudatus( LongOtailed(tit( NW(Mediterranean( 5(
Anthropoides(virgo( Demoiselle(crane( Steppe,(Russia( 6(
Anthus(trivialis((**)( Tree(pipit( NW(Mediterranean( 5(
Aquila(chrysaetos((**)( Golden(eagle( Lithuania( 7(
Aquila(heliacal( Eastern(imperial(eagle( Steppe,(Russia( 6(
Aquila(nipalensis( Steppe(eagle( Steppe,(Russia( 6(
Aquila(pomarina( Lesser(spotted(eagle( ( 8(
Carduelis(cannabina((*)(**)( Eurasian(linnet( NW(Mediterranean( 5(
Carduelis(carduelis((*)(**)( European(goldfinch( NW(Mediterranean( 5(
Carduelis(chloris((*)(**)( European(greenfinch( NW(Mediterranean( 5(
Certhia(brachydactyla( ShortOtoed(treecreeper( Apennines,(Italy;(NW(Mediterranean( 5;(9(
Certhia(familiaris( Eurasian(treecreeper( Apennines,(Italy( 9(
Circus(pygargus( Montagu's(harrier( ( 8(
Columba(palumbus((*)( Wood(pigeon( Andalusia;(NW(Mediterranean( 10;(11;(5(
Corvus(corone((*)( Carrion(crow( NW(Mediterranean( 5(
Crex(crex((**)( Corncrake( Lithuania( 7(
Cuculus(canorus((*)( Common(cuckoo( NW(Mediterranean( 5(
Dendrocopos(major( Great(spotted(woodpecker( NW(Mediterranean;(Apennines,(Italy( 5;(9(
Dendrocopos(minor( Lesser(spotted(woodpecker( NW(Mediterranean( 5(
Dryocopus(martius( Black(woodpecker( NW(Mediterranean( 5(




Fringilla(coelebs((*)( Eurasian(chaffinch( Apennines,(Italy;(NW(Mediterranean( 11;(5(;(9(
Galerida(theklae((*)( Thekla(lark( NW(Mediterranean( 5(
Haliaeetus(albicilla( WhiteOtailed(eagle( ( 14(
Hippolais(polyglotta((*)( Melodious(warbler( NW(Mediterranean( 11;(5(
Jynx(torquilla( Eurasian(wryneck( NW(Mediterranean( 5(
Lanius(collurio((*)(**)( RedObacked(shrike( NW(Mediterranean( 5(
Lullula(arborea((*)( Wood(lark( NW(Mediterranean( 5(
Melanocorypha(calandra((*)( Calandra(Lark( NW(Mediterranean( 5(
Miliaria(calandra((*)(**)( Corn(bunting( NW(Mediterranean( 5(
Parus(ater( Coal(tit( Alps,(Italy( 12;(5(
Parus(caeruleus( Blue(tit( Apennines,(Italy;(NW(Mediterranean( 11;(5;(9(
Parus(cristatus( Crested(tit( NW(Mediterranean( 11;(5(
Parus(major((*)( Great(tit( NW(Mediterranean( 11;(5(
Parus(montanus( Willow(tit( Alps,(Italy( 12(
Parus(palustri( Marsh(tit( Apennines,(Italy;(NW(Mediterranean( 5;(9(
Phasianus(colchicus( Common(pheasant( Apennines,(Italy( 9(
Species( Vernacular( Location,of,the,study( Ref.(
Phoenicurus(phoenicurus( Common(redstart( Apennines,(Italy( 9(
Phylloscopus(bonelli((*)( Bonelli's(warbler( NW(Mediterranean( 5(
Phylloscopus(collybita((**)( Chiffchaff( Alps,(Italy;(NW(Mediterranean( 12;(5(
Picus(viridis((*)( Eurasian(green(woodpecker( NW(Mediterranean( 5(
Prunella(modularis( Dunnock( Alps,(Italy;(NW(Mediterranean( 12;(5(
Regulus(ignicapillus( Firecrest( NW(Mediterranean( 11;(5(
Regulus(regulus( Goldcrest( Apennines,(Italy;(NW(Mediterranean( 5;(9(
Saxicola(torquatus((*)( Common(stonechat( NW(Mediterranean( 5(
Serinus(citrinella((*)( Alpine(citril(finch( NW(Mediterranean( 5(
Sitta(europaea( Wood(nuthatch( Apennines,(Italy;(NW(Mediterranean( 5;(9(
Streptopelia(turtur((**)( European(tuttleOdove( Apennines,(Italy( 9(
Sylvia(atricapilla((*)( Blackcap( Apennines,(Italy;(NW(Mediterranean( 11;(5;(9(
Sylvia(borin((**)( Garden(warbler( Alps,(Italy( 12(
Sylvia(cantillans( Subalpine(warbler( Apennines,(Italy;(NW(Mediterranean( 5;(9(
Sylvia(curruca( Lesser(whiteOthroat( Alps,(Italy( 12(
Sylvia(hortensis((*)( Orphean(warbler( NW(Mediterranean( 5(
Sylvia(melanocephala((*)( Sardinian(warbler( NW(Mediterranean( 11;(5(
Sylvia(undata((*)(**)( Dartford(warbler( NW(Mediterranean( 5(
Tetrax(tetrax((**)( Little(bustard( Steppe,(Eastern(Europe( 13(
Troglodytes(troglodytes((**)( Winter(wren( Alps,(Italy( 12(
Turdus(merula((*)( Eurasian(blackbird( NW(Mediterranean( 5(
Turdus(philomelos((*)( Song(thrush( Apennines,(Italy;(NW(Mediterranean( 5;(9(!
,
C.,Mammalia,
Species( Vernacular( Location,of,the,study( Ref.(
Alces(alces( Moose( (( 14(
Arvicola(terrestris( European(water(vole( Jura(mountain,(France( 2(





Capra(aegagrus(hircus( Feral(goat( Aragon,(Spain( 17(
Capra(pyrenaica( Iberian(ibex( Andalusia;(Aragon,(Spain( 10;(17(
Capreolus(capreolus( Roe(deer( Andalusia;(Aragon,(Spain( 10;(17(
Castor(fiber( Beaver( ( 7;(14(
Cervus(Elaphus( Red(deer( Andalusia;(Aragon,(Spain( 10;(17;(14(
Dama(dama( Fallow(deer( Aragon,(Spain( 17(
Genetta(genetta( Common(genet( Doñana(NP,(Spain( 2(
Species( Vernacular( Location,of,the,study( Ref.(
Gulo(gulo( Wolverine( Northern(Scandinavia( 16(
Hystrix(cristata( Crested(porcupine( Southern(Europe( 2(




Microtus(arvalis( Common(vole( Jura(mountain,(France( 2(
Muscardinus(avellanarius( Hazel(dormouse( ( 2(
Ovis(ammon( Argali( Aragon,(Spain( 17(
Rupicapra(pyrenaica( Pyrenean(chamois( Aragon,(Spain( 17(
Saiga(tatarica( Saiga(antelope( Steppe,(Russia( 6(
Sciurus(vulgaris( Eurasian(red(squirrel( ( 2(
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Species, Vernacular, Location,of,the,study, Ref.,
Acrocephalus(paludicola( Aquatic(warbler( (( 1(
Alauda(arvensis( Skylark( NW(Mediterranean( 1;(2(

























Coturnix(coturnix( Common(quail( NW(Mediterranean( 2(
Emberiza(cia( Rock(bunting( NW(Mediterranean( 2(
Emberiza(citrinella( Yellowhammer( NW(Mediterranean( 2(
Emberiza(hortulana( Ortolan(bunting( NW(Mediterranean( 2;(4(
Falco(naumanni( Lesser(kestrel( Portugal( 5;(1(
Galerida(cristata( Crested(lark( NW(Mediterranean( 2(








Loxia(curvirostra( Common(crossbill( NW(Mediterranean( 2(
Luscinia(megarhynchos( Nightingale( NW(Mediterranean( 2;(4(
Melanocorypha(calandra( Calandra(larks( Portugal( 1;(5(




Motacilla(alba( White(wagtail( Alps,(Italy;(NW(Mediterranean( 1;2;7(
Muscicapa(striata( Spotted(flycatcher( NW(Mediterranean( 2(
Oenanthe(hispanica( BlackEeared(wheatear( NW(Mediterranean( 2(
Oenanthe(oenanthe( Northern(wheater( NW(Mediterranean( 2(
Oriolus(oriolus( Eurasiam(Golden(oriole( NW(Mediterranean( 2;(4(







Perdrix(perdrix( Grey(partridge( North(Savo;(Picos(de(Europa( 3(







Pyrrhula(pyrrhula( Eurasian(Bullfinch( NW(Mediterranean( 2(
Saxicola(rubetra( Whinchart( Alps,(Italy( 7;(1(
Species, Vernacular, Location,of,the,study, Ref.,
Serinus(serinus( European(Serin( NW(Mediterranean( 1;(2;(4(
Sylvia(communis( Common(whitethroat( NW(Mediterranean( 2(
Sylvia(conspicillata( Spectacled(warbler( NW(Mediterranean( 2(








Turdus(viscivorus( Mistle(thrush( NW(Mediterranean( 2(
Upupa(epops( Hoopoe( NW(Mediterranean( 2;(4(
,
C.,Mammalia,
Species, Vernacular, Location,of,the,study, Ref.,
Lepus(corsicanus( Corsican(Hare( (( 1(
Lynx(pardinus( Iberian(Lynx( Iberian(peninsula( 1(
Oryctolagus(cuniculus( European(Rabbit( (( 1(!
D.,Reptilia,



















Psammodromus(hispanicus((*)(( Spanish(Psammodromus( ( 1(
,
E.,Amphibia,
Species, Vernacular, Location,of,the,study, Ref.,






Discoglossus(sardus( Tyrrhenian(Painted(Frog( (( 1(
,(*)! Species! that! would! benefit! from! early! stages! of! re:vegetation! post! land!abandonment!but!not!from!scrublands!and!woodlands.!
(**)!Species!that!are!also!considered!as!benefiting!from!land!abandonment!and!rewilding!in!some!locations.!
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List%of%parameters%used%in%the%socio2ecological%model%of%
sedentarization%
!
!
!
!
Parameter' Descrip-on' Value'
Ti# Total#area#in#the#inverneiras((ha)# 100#
Tb# Total#area#in#the#brandas((ha)( 100##
Fi# Forested#area#in#the#inverneiras((ha)( See#Eq.#(2)#and#(11)#
Fb# Forested#area#in#the#brandas((ha)( See#Eq.#(3)#and#(12)#
Ai# Agricultural#area#in#the#inverneiras((ha)( Ti#–#Fi##
Ab# Agricultural#area#in#the#brandas((ha)( Tb#–#Fb##
R# Total#resident#populaAon#(ind)# 100##
S# Sedentary#populaAon#(ind)# See#Eq.#(10)#and#(13)#
N# Nomad#populaAon#(ind)# R#E#S#
εi# Rate#of#forest#growth#in#the#inverneiras( low#:#0.1#/#high#:#4#
εb# Rate#of#forest#growth#in#the#brandas( low#:#0.1#/#high#:#4#
λi# Individual#ability#to#cut#the#forest#in#the#inverneiras( 0.02#
λbN# Nomads’#individual#ability#to#cut#the#forest#in#the#brandas( 0.02#
λbS# Sedentaries’#individual#ability#to#cut#the#forest#in#the#
brandas(
0.03#
hi# UAlity#of#a#unit#of#agricultural#land#in#the#inverneiras( 2#
hb# UAlity#of#a#unit#of#agricultural#land#in#the#brandas( low#:#1#/#high#:#3#
σ# UAlity#from#other#sources#than#agriculture# 1#
c# Cost#of#nomadic#lifestyle# 0.9#
ω# Probability#to#sedentarize#(per#ind,#per#unit#of#Ame)# 1##
μ# Individual#treshold#in#the#populaAon# See#Eq.#(9)#
δ# Social#bonding# high#:#0.1#/#low#:#0.5#
